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ABSTRACT 
A thorough study of the Hercules qua'rrying system i,1as 
made to provide basic information for recommending a truck 
fleet that would transport rock in the quarry with the in-
._- ._J 
tent of minimizing the rock system costs. 
The system study indicated that trucks of various num-
bers and sizes could be used to satisfy the rock requirements 
of 19,200 tons per week. To keep this thesis within practi-
cal limits, the following conditions were imposed on the pro-
blem: 
1) The truck fleet capabilities are to satisfy maxi-
mum rock requirements. 
g_) The numb_er of shift operations per week should 
provide at least eight hours of system do1,1n time 
for blasting and maintenance of equipment. 
3) The trucks to be used in a fleet are to be of the 
same size. 
,4.) The system 11ml tation and peculiarities are to r.e-
main as found. 
5) The truck fleets to be investigated are: 
a) one truck of Size A 
b) two trucks of Size B 
c) three trucks of Size C 
~) four trucks of Size D 
Basic information for this investigation was obtained 






Euclid Model 94 FD 
K.w. Dart D - 2330 
cu. 
Le Tourneau-Westinghouse Model 50 
Le Tourneau-Westinghouse Model 65 
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The truck manufacturer's data was used to provide base 
points for the following curves: 
1) Truck Purchase Price (Figure 28) 
·2) Tire Cost Per Truck (Figure 29) 
Association of truck and system data provided infor-
mation to plot the following curves: 
1) Round Trips Per Production Hour (Fig. 30) 
2) Tons Hauled Per Truck Per Production Hour (Fig. 31) 
3) Fuel Consumed Per Truck Per Production Hour (Fig. J2) 
4) Miles Traveled Per Truck Per Production Hour 
(Fig. 33) 
A 11 terature search on this subject produced a set of 
characteristic curves which were modified to suit the situa-
tion under investigation and provide the following curves: 
' 
1) Average Repair Cost Per Mile lFig. 3) 
2) Fuel Consumption (Fig. 4) 
3) Operator Cost (Fig. 5) 
4) Vehicle Resale Value (Fig. 7) 
By comparing truck costs and the co,s·t to man a shift, 
:J.t was obvious that the system would· be operated at maximum 
production to optimize system costs. The number of shifts 
at the maximum production level was determined to be ten 
eight-hour shifts per week with one of the ten shifts being 
used for blasti:ng" and system maintenance. 
To operate the system for the spec1f1e~ number of shifts 
and produce the required rock, the cubic yar) capacity of 
truck sizes A, B, C and D were determined to be: 
. . ···:·::.:. 
1) Four truck fleet 
2) Three truck fleet 
J) Two truck fleet 
4) One truck fleet 
-~ 
Cu. Yd. Capacitz 
A 10.5 · 
B 15.8 
C 26.5 
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The operating costs (fuel, tire replacement, operator 
and repair) for each truck fleet were obtained from the var-
ious curves on an annual basis and plotted over a five year 
period for comparison in Figure 27. 
The capital costs for a trucl<: fleet were om1 tted in the 
comparison because the expenditure for any of the three fleets 
was within 1% of $111,000. 
Comparison of operating costs indicate that two 26.5 cu. 
yd. capacity trucks would provide rock at optimum costs and 
are recommended to satisfy. the conditions of this study. 
\ 
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OBJECTIVE 
The objective of this thesis was to determine the 
size and number of trucks for use 1n~the Hercules Cement 
\ 
Company quarry to supply required rock at minimum system 
cost per ton. Operating, repair and capital costs of 
various truck fleets were analized over a five year period 
to determine which fleet would provide optimum rock system 
costs • 
. . , 
·, 
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CHAPTER I 
HERCULES CEMENT COMP.4.NY QUARRY OPERATIONS 
The Hercules Cement Company rook deposits lie West of 
the plant and the area currently being mined is approximate-
ly 2700 feet away from the crushi:ng plant. 
The rook deposit lies under clay over-burden which var-
ies from 15 feet to 50 feet in depth. The over-burden is 
stripped during the winter months by a contractor who quotes 
the minimum cost per cu. yd. removed. The contractors who 
participate in this work are generally road contractors since 
the equipment used for str1pp1:ng is the same as used for build-
ing highways. The stripping is done during the winter months 
because the highway work is usually at a minimum at this time . 
of year and the equipment may otherwise be idle. A highway 
contract is also a consumer of large quantities of cement and 
as a general rule, one business contract leads to another. 
In the manufacturing of Portland Cement, there are various 
types of cement which require rock from different area in the 
quarry or a blend from various areas in the quarry. If the 
quarry deJ;)Osit cannot produce the necessary chemical composi-
tion of·the rock by blending, raw materials are purchased and 
blended with the quarry rock to satisfy the chemical composi-
tion for the manufactur1:ng of Portland Cement. 
Approximately 80 per cent of the cement produced in the 
Hercules Cement Company plant is produced without addition of 
purchased material. Approximately 20 per cent of the cement 
produced requires purchased material at an approximate ratio 
...... ' I ' '• ~ . .. ~, : · .. ,;,;. 
. . \.., -~ ,, •• • ; .... , •'"' . •· .,:r_ •. ·,,._._; •. ---.:./ : ... • .:. ' • '. _ . .;., .- • ·::.,<~ 
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of J to l (3 parts quarry rock and l part purchased material). 
The 80 per cent of cement produced without addition of 
:~ 
purchased material may require quarry rock blending to obtain 
a chemical composition to satisfy the mix. The quarry rock 
blending starts in the quarry by using two 4 cu. yd. shovels 
to load trucks from two areas of the quarry on a ratio to sat-
isfy approximate blend. 
To control the chemical composition of the rock from the 
quarry, samples of rock from all drill holes used in a blast 
are composited into one sample for chemical analysis. A com-
plete chemical analysis is performed on the composite sample 













sample results are used to: 
1) locate shovels in the quarry 
2) proportion the amount of rock taken 
from the various shovel locations 
3) locate the rocl{ in a s:pecific rock 
storage area 
As the rock is co~veyed from the crushing building to 
the rock storage, a continuous rock sample is obtained from 
' the belt. This sample is picked up every two hours and com-
posited into a daily composite sample. A complete chemical 
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The results obtained from the drill hole analysis and 
the rock belt sample analysis are used to determine the chem-
ical compositions of the material piles in the rock storage 
area. 
Generally speaking, the rock in the storage area is class-
ified as "H1 Rock 11 and ''Low Rock" and is used in the raw pro-
-~ 1;.,;. 
portioning system as directed by the laboratory personnel. 
"Hi Rock" has 75• 5% caco3 or above and "Low Rock" has less 
than 75•5% CaC03• 
Some blending is accom.plished when moving the rook from 
the storage area to the proportioning bins by having the crane 
dig from the various piles and proportioning the amount taken 
from each pile. 
The rock from the proportioning bins is withdrawn in the 
quantities directed by the laboratory, blended with the nec-
essary purchased raw materials, conveyed into the raw mill 
feed bins and introduced into the process of m.9.k1:ng cement 
which is beyond the scope of this paper. 
/ 
The quarry rock blast holes are drilled by a 611 Joy ro-
tary drill about 65 ·reet deep to produce a 50 .foot working 
., 
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, face. On an average, nine holes are used in a blast and ,, 
two nine hole blasts usually produce adequate rook for one 
week of quarry operation.. 
The quarry shovels are quite reliable for they are re-
latively new and in good condition. The shovels have a 4 
cu. yd. bucket which is smaller in size than recommended for 
normal shovel work. The purpose of the smaller bucket is to 
reduce wear and tear on the shovel when loading rock, and to 
hold doti'm the size of rock going into the crush~r. 
The shovel data is as follows: 
1 - 1956 - 4. 5 cu. yd. - Marion lllM with 4 cu. yd. bucket 1 - 1963 - 5 cu. yd. - Bucyrus Erie 88B with 
4 cu. yd. bucket 
A blast will frequently produce rocks t1hich are too large 
for the crusher. A truck crane drop ball 1s used to reduce 
the large rocks to crusher size. 
•' 
The quarry trucks follow a truck route from t·he shovels 
t.o a 70 ton. hopper, as shot,\Tn in the Quarry Plot Plan {Fig. 1). 
The trucks dump the rock into the hopper, assuming of course, 
there is room in the hopper for a load. If there is not room 
in the hopper for the load, the truck must wait until a 15 
\ 
\ ton skip car hauls enough rock o~t of the hopper to prov1Q.e 
/ ) 
room for the load. v 
The truck route distance and grades from the shovels to 
the hopper are: 
. _._,, __ ,. __ ._ .. -
JOO feet of level road 
400 feet of +-8% grade 
500 feet of level road 
1000 feet of -8.5% grade 
500 feet of level road 
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A large vibrating feeder with a 1200 ton/hour capacity 
is at the bottom of the hopper which feeds into a 15 ton ca-
pacity skip car. The vibrating feeder is controlled by the 
skip car hoist operator using a television installation for 
guidance. 
The skip car 1s puiled up and out of the quarry on in-
cline rails by a 500 horsepower cable type mine hoist. The 
skip car has a built-in side dumping mechanism to dump the car 
when it is over the primary crusher. The skip car has an av-
erage cycle of 2.1 minutes which is equivalent to a hauling 
capacity of 430 tons per hour at 100% efficiency. 
The primary crusher is an Allis Chalmers roll with a 
450 ton per hour capacity. The primary crusher product, ap-· 
proximately minus eight inches in size, is delivered to a feed 
bin for the secondary crusher. 
The secondary crusher is. a Pennsylvania hammermill of 400 
tons per hour capacity which is in closed circuit operation 
with two Tyler screens. 
The secondary crusher feed is automatically controlled by 
a variable speed pan feeder using the harnmermill motor load as 
a guide. The secondary crusher product, minus 5/8 inches, is 
delivered via rubber belt to a covered storage building. 
The quarry rock storage area has a .storage capacity of 
25,000 tons. The·rock and all other.materials used for blend-) 
ing in the process are also in the covered storage building. 
The material in the storage building is handled with an over-
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From the storage building, the quarry rock is introduced 
into the process which consumes a maximum of 19,200 tons of 
rock per week or 2,743 tons of rock per day. 
The yearly consumption of rock is 880,000 tons, which 
g1 ves a weekly ave·rage of 16,750 tons or a daily average of 
2,400 tons. 
I The process beyond this point is not within the scoR~ of 
this thesis. I I 
I 
·' 
Quarry Manning c:znd Number Of Shifts '-, \ 
Because of system limitations and labor agreement com-
mit~f\ts, it is desirable to operate the quarry at least four 
operating shifts per week and a fifth being set aside for 
blasting and maintenance of the quarry equipment. The truck 
drivers, shovel operators and equipment operators ass·1st in 
. loading holes for blasting, and in maintenance of equipment. 
The number of men required to operate the quarry on a two 
shift basis are listed in Figure 2. 
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Figure 2 - Table Of Manning For A Two Sh1ft Per Dal Operation 
1st Shift 2nd Shift Jrd Shift 
Shove 1 Operators 
Drop Ball Operator 
2 
l 
2 Drill Operators 
Truck Drivers 
Storage crane Operator 








B:laster and Shovel Fueler 
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CHAPTER II. 
BASIS FOR ESTIMATIN(} OPERATING ~OSTS 
. 
1 With regards to operating costs there are five s1gn1f1-
cant costs that vary with time (or cumulative mileage) which 
are: 
1) Repair Costs 
2) Tire Replacement costs 
J) Fuel Costs 
4) Operator Costs 
5) Capital Costs 
Repair Cost As A Function Of Mileage 
The repair cost curves used are based upon the operation 
of a sample of 240 - 1951 model truck-tractors that were pur-
chased new by a for-hire trucking firm, and placed into ser-
vice in 1951. 1 These units were all of the same make, model, 
diesel powered and were used in the same type of service. The 
sample was chosen so as\ to hold as constant as possible such'--
i 
extraneous variables as difference in operating conditions and 
type of service. The sample was considered sufficiently large 
, 
so that such influences as differences in driver behavior 
might be expected to be random. 
For these uni ts, monthly observations on mileage and :fuel 
consumption, and quarterly observations on repair costs were 
available for a period of service of about three and one-half 
years from the time the vehicles were placed into service. 
Analysis of this d:ata shows that quarterly repair costs 
1
· :
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-1.Jl X 10 M) 
0.26 (1-e 
r = quarterly repair cost in dollars per mile 
R = quarterly repair cost in dollars per vehicle 
M = cumulative mileage per vehicle 







-1. Jl X 10 M) 
0.26 (1-e 




It is interesting to note that the :r,epa1r costs per mile 
begins at zero when a vehicle is placed into service and rises 
at a uniformly declining rate, reaching a horiz.ontal plateau 
around J00,000 miles. Of course, the nature of this function 
is going to d'epend partly on the firm's maintenance policies. 
Assuming, however, that the general characrerlstic of this 
function holds for typical truck maintenance policies we ·should 
f be able to apply this curve to the maintenance costs of the 
various truck sizes. To associate the curve for various truck 
sizes under study a ratio multiplier was used. A convenient 
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1ze truck divided by the cost of a set of tires for the truck 
sed to provide data for fhe basio curve. 
Referring to the curve generated from the data (Figure J) 
1 t appears strange that the repair ... cost curve approaches a 
horizontal plateau around 300 1 000 miles. The reason for this 
appears to be that when a truck is new, each of its component 
parts is new, and each of these parts is subject to a probabi-
lity failure density, with mileage an independen~ar1able. 
These probability densities will, in general, be different and 
have different expected values. As a vehicle renders mileage 
service these parts begin to fail with the parts of the lowest 
expected life tending to fail first and so forth. Very few 
i parts fail early in service, while more and more fail in later 
service. Hence, the maintenance cost curve tends to rise. 
Eventually, howeve~, the past replacement of parts creates a 
truck with a more even age distribution of component parts, 
rather than a distribution heavily biased by relatively new 
parts as in the case in early periods of service. Once the 
ages of many components begin to ~fall into a wider distribu-
tion, the failure of individual parts tends.to become random 
with the average mai:p.tenance cost approaching a constant 
' 
level. 
This explanation describes the behavior of any complex 
mechanical system composed of a large nrber of components, 
such as a~tomotive equipment, pumping e·quipment, various 
kinds of automatic conveying and mechanical fabricating 
I I . 
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equipment and so on. Therefore, the re~r cost function 
may be assumed typical of many complex mechanical syst~s. 
T1re_Replacement Parts 
. The tire replacement cost per year may be determined:-~ by 
assuming that the average life of a set of tires is 25 1 000 
miles and by performing the following calculation, the tire 
replacement cost per year may be obtained( 
Total Miles Traveled Cost For 
By Truck Fleet In A Year X One set Of Tires 
25,000 
Increased Fuel Costs As A Function Of Mileage 
Fuel costs were also observed in the same experiment as 
described previously and a simple linear regression of cumu-
lative mileage on fuel consumption per mile was computed 
yielding the relation: 
AF -;8 
f = £1 M • 0.17·86 + 1. 735 5 = • 10 M 
where 
f = monthly fuel ·consumption in gallons per mile 
F = monthly fuel consumption in gallons per vehicle M • cumulative mileage per vehicle 








f a 0.1786 +1. 7355 • 10 M 
l O 200 
(XlOOO) 
M 
240 320 360 
:J.6 . 
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By calculating the fuel consumption of the various truck 
fleets under study from the engine manufacturer's specif 1ca-
t1ons, the fuel cost curve as a function of accumulated mile-
age was modified for use in the situation under study. 
Operator Cost 
Each truck placed into service will require an operator 
for every 40 hours of service, therefore, the number of trucks 
placed into service will have a direct relationshi_p to aper-
p 
ator cost. The operator wages have been increasing for the 
past number of years and will continue to do so, therefore, 




Figure 5 indicates the trend of average wage cost in-
crease over the past 13 years. 1 
, e '¥· 
Figure 5 - 0.perator Cost Curve 
3. 60 -
Hercules 3• 30 -
3. 00 -
Average z. 70 -
2.40 -
Wage Costs 2.10 -
1. 80 -
In Dollars 1. 5 0 
1. 20 
Per Hour 1.00 -19~50~51~5-2~5~3-5~5~5~5~57~5~5~9------------------3--
Year 
Annual Cost Per Year Per Truck 
The combined cost per year for a fleet of trucks is a. 
,. 
sum of t1AJ"o terms: 
1) operating costs 
2) capital costs 
!Hercules Cement Company "Report· T·o 'E·m·ployeesn' 
.• ~:.: ... . • . 
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The operating costs increase with the equipment age and 
the capital cost decreases with increasing age. 
The operating costs per truck would be the sum of the 
:following costs: 
1) Repair Costs 
2) Tire Replacement Costs 
3) Fuel Costs 
4) Operator Costs 
Capital costs per truck would be as follows:! 
. (Capital' Investment - Depreciation) Interest on Ivfoney + (Capital Investment - Depreciation -Salvage Value) 
The capital investment would be the money used to pur-
chase the fleet of trucks. The depreciation of a fleet of 
trucks would be the amount of money retained from the sales 
dollar for the purpose of paying for the equipment. 
Depreciation of Mobile E9.uipment 
For Ca1Ji tal Investment priority, Hercules ·Ce·me-nt Company 
uses the Sum of Digits Method of calculating depreciation. 
Since this method is used by the company for Cap1 tal Invest-
ment priority, I feel that the same illethod shou~d be used in 
this investigation. 
Using a ten year life for depreciation !,of mobile equip-
ment and using the sum of digits for calculating depreciation, 
the depreciation calculations ar.e shown in Figure 6. 
_._ ... 
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10/55 x Capital Invested 
9/55-x Capital Invested 
8/55 x Capital Invested 
7/55 x Capital Invested 
6/55 x Capital Invested 
5/55 x Capital Invested 
4/55 x Capital Invested 
3/55 x Capital Invested 
2/55 x Capital Invested 
1/55 x Capital Invested 
Estimation of Resale Value Function 
·- .. 
A common view in both theoretical and trade literature 
is that un1 ts of industrial equipment, particularly trucks, 
tend to fall in value d11ring the first year by a cor1stant 
proportion of their new price and then to decline in value 
·a·t a constant percentage rate per year thereafter. 
The resale value function expressed as a proportion of 
the new price is: 
S = (0.615 - 0.0706L) p 
where 
p • truck •s price when new· 
L = age in years 
S = resale value 
Figure 7 - Vehicle Resale Value Curve 
p -
S = (0.615 - 0.0706L) p 
s / 
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CHAPTER III 
DETERMINATION OF TRUCK FLEET SIZES FOR STUDY 
Rock Requirements 
The amount of rock required from the Hercules quarry 
was a function of cement· production. Operating data from 
Hercules indicated that 80,% of the cement produced was nade 
without purchased material. The period of producing cement 
without purchased material would lE as long as three conse-
cutive months. During this period the required tons of rock 
· per week are shown in the following calcul·at1ons: -. 
1) Cement Production: 
3 Kilns prod11c1ng 3200 BBLS/day = ~600 BBLS/day 
2) Maximum Weekly Rock Requirement: 
~600 BBLS/day x 7 days: 67,200 BBLS/week 
1 BBL. Clinker• 584# which may be 100% quarry 
rock 
584# x 67 1 200 BBLS/wk 
2000# = 19 1 200 tons of rock 
During an average year approximately 7% of the raw mix 
required was purchased material. Also 1 during an average year 
the kilns would experience approximately 7% down time. 
Taking the purchased materials and kiln down time into 
consideration, the average rock requirement per week from the 
quarry is shown in the following calculation: 
Average Weekly Rock Requirement: 
9600 BBLS/day x 7 days• 67,200 BBLS/week 
67,200 BBLS/week x 52 weeks= J,4~4,400 BBIS/year 
3,4941 400 BBLS/year - 7% down time/year= 3,235,800 
. BBLS/year 
3,235,800 BBLS/year - 7% Purchased I1ater1al 
• 3,009,300 BBLS/year 
J2009~JOO x 584# 2,000 x 52 wks. • 16,750 Tons of Rock 
. ,. 
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System capabilities: 
Due to union contract obligations, it is beneficial to 
provide a truck fleet that would produce maximum rock re-
quirements without over-time. This may appear to give some 
excess capacity, however, during the winter months- the quarry 
operating problems are aggravated by low temperatures, water, 
ice and snow which reduces the system capabilities. Fortunate-
ly the 7% of kiln.down time was experienced during the same 
peri~d which keeps the quarry rock production and rock require-
ments in balance. 
To determine the amount of actual production hours in an 
eight hour shift, a study of the operating routine was made 
and the results are in Figure 8. 
Figure 8 - Shift Non Productive Time 
First Shift 
Starting time - 7:00 A.M. 
First truck loaded at 7:20 A.M. 
Coffee break - 9:00 to ~:15 A.M. 
Before lunch - last truck loaded at 11 :50 A. M. 
After lunch - first truck loaded at 12:45 P.M. 
Last truck loaded - 2:45 P.M. 









An eight hour hauling day is in reality a six hour and 
fifteen minute day. Trucks 8.nd shovels are fueled between 
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Figure 8 - Shift Non Productive Time (Cont'd.) 
Truck Hauling 
Second Shift Time Lost 
Starting time - 3: 00 p. M. 
First truck loaded - 3:20 P.M. 
Before lunch - last truck loaded at 4:50 P.M. 
After lunch - first truck loaded at 5:15 P.M. 
Coffee break - 9: 00 to 9: 15 P. r1. 
Las·t truck loaded - 10: 45 P. M. 







In ~ddition to the production time lost, as stated above, 
an average production hour is 50 minutes of product1 ve effort. 
Ihle to the number of men required to operate the system 
on a shift, it was obvious that the system should be operated 
at maximum production to obtain optimum rock costs. To deter-
mine the system capabilities, it was necessary to determine 
the production capabilities of the skip car, primary crusher 
and secondary crusher. The capabilities calculations for the 
uni ts in the system are as folloiqs: 
1) Primary Crusher Capabilities: 
The primary crusher capacity is 450· ·ton.s p·e'.r ho1J.r· 50 
or 60 x 450 = 375 tons per 50 minute hour 
Z) Secondary Crusher Capabilities: 
The secondary crusher capacity is 400 tons JJe ... r .hour, 
or"* x 400 = J40 tons per 50 minute hour 
3) Skip Car Capabilities: 
0 min/hr 
2. 1 1nin cycle x 15 tons/cycle = 345 tons/50 min. hr. 
Since the secondary crusher has the lowest production 
capabilities, the truck fleet would be selected to maintain 
maximum production of the secondary crusher. 
- . . 
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Size of Truck }o Be Studied: 
Maximum Rock Requirements= 340 tons/production hour 
1) Four trucks of Size A: 
A= J~O = 85 tons/production 
From Figure 31 
A= 10.5 cu. yd. capacity 
.2) Three trucks of Size B: 
hour 
r/ B = ~10 = 113 tons/production hour 
From Figure 31 
B = 15.8 cu. yd. capacity 
J) Two trucks of Size C: 
C = 340 = 170 tons/production hou:r 
2 
From Figure Jl 
C = 26.5 cu. yd. capacity 
4) One truck of Size D: 
D = ~io • 340 tons/production hour 
From Figure Jl 
D • impossible value to o_btain 
Shifts Required To Produce Adequate Rock: 
., 
The following calculations indicate that nine eight-hour 
shifts would provide adequate rock for maximum requirements 
per week. A tenth shift may be very conveniently scheduled 
to provide for blasting and system maintenance. This will 
also provide 40 hours of work per week for two groups at 
straight time which is very desirable. 
.•·. :-.;..... 
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Figure 9 - History Of System Operating Delays 
80 hr/wk Operation 
March 1962· thru Feb. 1963 
Month 
-~ 4 2 6 7 8 2 10 11 12 l 2 Date 
l • 2 8 • • • • • 1.5 2 • 1 2 • • • • 4 • • 4 • • 8 6 J • • • • l • • • • 6 5 • 4 • 1 • • • • • 4 • • l • 5 l J • 2 • • • l 4 • l • 6 l 3.5 • l 2 8 3 • 1.5 • .5 1.5 ? • • 1 l .5 • • • • • 3 9 8 2 • 2~5 • • • • 2 l • J 5 9 2 • 2 • • • l 2 J • 1.5 .5 10 • • 6 • • J 4 • • 5.5 • l 11 • • 8 2.5 • • 3.5 • • • 2.5 • 12 l • • 2 4.5 • 4 l ·• 6 • 4 lJ 3 2 • l • l • • J 5 • l 14 • • • • • • • • • • 1 3.5 
' 15 2 J 3 3.5 • • • • • • • • 16 • • 1 • • ·4 • • • 2 • • 17 • 5 • • • 2 3 l • • 1.5 • 18 • 1 1 • 3 l 6 1.5 • 3 • 2 19 • 1 1 2 7 • 1.5 3 • • • 10.5 20 • • 3 3 • • • • 8 • • • 21 • • • • • 2 • 1.5 • 4 4 • 22 8 • • 2 • J • • • 2 2 2 
,2:J·· • • • • • 5 • • 6 • 7 • 24 • 3 • .5 1.5 3 4 • : , .· · .. • • • • . • ?·5. ;..., . ' . • 1.5 • 2 1 1.5 • l • • 4 4.5 
"6 ·2. 
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1) Maximum Tons Required Per Shift: 
19,200 tons of rock 
9 shifts = 21.30 tons/shift 
.2) Tons Required Per Production Hour: 
6.25 production hours in a shift 
g13~ 
= tons/production hour= Secondary Crusher 
Maximum Capabilities 
_g_rushi~ System Down Time Characteristics: 
The system down time hours for blasting maintenance and 
breakdoi\J'n for a twelve month period are tabulated in Figure 
9, and frequency distribution of system down time hours are 
tabulated in Figure 10. 
Figure 10 - Fre uenc Distribution Of S stem Down Time 
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The operating plan of ten shifts per week provides for 
one eight-hour shift per week for blasting, breakdowns and 
system maintenance which provides 418 hours of system down 
time per year. This amount of time is equivalent to the down 
time hours previously experienced and should be adequate to 
provide for blasting, system breakdowns and system mainte-
nance. 
One 4 cu. Yd. Shovel Loadii;g Ca;eaci ty: ·. 
The amount of rock that one - four cubic yard shovel 
would load for the various trucl<: fleets under consideration 
a.re calculated as follows: 
1) 
2) 
Loading 4 trucks: 10.5 cu. yd. capacity 1g-s __ 
.3 swings x • 55 min/swing • 
spotting time = 
~O min. prod. hr. 
1.65 min • 
• 60 min. 
2. 25 min. 
2.25 min. per truck= 22.2 loads per prod. hr. 
22.2 x 10.5 = 233 cu. yd./prod. hr. 
23.3 cu. yd. x·2700#/cu. yd. 
2000#/ton = 315 tons/hr. 
315 tons capacity is inadequate 
Loading 3 trucks: 15.a cu. yd •. capacity 
15. 8 
4 · = 4 swings x • 55 min/swing = 
spotting time = 
50 min. prod. hr. 
2.80 min. per truck= 17.8 loads/hr. 
2. 20 min. 
• 60 min. 
2. 80 min. 
17.8 x 15.8 = 282 cu. yd./prod. hr. 
282 CU• yd. x 2700#/cu. id• 
2000#/ton a J80 tons/hr. 
J80 tons/prod. hr. capacity is adequate 
, .•.• ·"· ~J. ,., --~ •. 
'"'I>.". -_.• 
..... :. ... ·.,: · ........ . ........ '. - ' .......... " . . ..... ·, . 
I , 
.• • "'' .~ .. • ....... 4,., ~-
............. 
. . 
-• ••l.·.•V"i._. .. _,,, .... _. ••'• .... ~ .......... v.,, ........... • -· .... ..., ... . .. .....,,. .. 
. :. ., ~ ... 
..... .,,_.,. __ .... 
. ...... 
' .... ' ......... t ..... ... ...,:,. ....... .. __ ............... ·~· .... s .. 
,. •. _.... ,.- ... : - . : ~--~ ..... ••• ·, I 




History Of Down Time On I1arion lllM Shovel 
• 
80 hr/wk Operation 
March 1962 thru Feb. 1963 
Month 
J 4 2 6 7 8 2 10 11 12 1 2 Date • • 
l • • • • • • • • • • • • 2 • • • • • • • • • • • • 3 • • • • • 8 • • • • • • 4 • • • • • • • • • • • • 5 • • • • • • • • • • • • 6 .5 • • • • • • • • • • • 7 • • • • • • • • • • • • 8 • • • • • • • l • • 1', • • I a 
9 8 2 ' .I • • • • • • • • • • J 10 • • • • • • • • • 8 • 1 11 • • • • • • • • • • • • 12 • • • • • • • • • • • • 
13 • • • • • • • • 2 • • • \ 14 4 • • • • • • • • • • • 15 • • • • • 1 • • • • • • 16 • • • • • • • • • • • • 17 • • • • • • • • • • • • 18 .5 ·i • • • • • • • ' • • • • II I 19 • • l • • • 1.5 J • • • • I 
i 20 I • • • • • • • • • • • • ' j 
1 
i 21 • • • • • • • • • • • 4 ~ i 22 i • • • • • • • • • • • • ·1 23 4 6 2 • • • • • • • • • ;.: 
I: 24 • • • • • • >·~.-; • 1.5 • • • • ::,. ,· 25 1 8 • • • • • • • • • • 26 • • • • • • • • • 1.5 • • 
i 27 • ( • • • • • • • • • • 6 ; 28 I • • • • • • • • • • I • • 1 29 • • • • • • • • • • • • JO • • • • • • • • • 3 • • 31 • • 2 • •· • • • • • • • 
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Loading 2 trucks: 26.5 cu. yd. capacity 
¥ = 7 swings x • 55 min. /swing = 
spotting time = 
~O min. pro~. hr. 
• 45 min. per truck• 11. 2 loads /hr • 
3• 85 min. 
• 60 'min. 
4. 45 min. 
11.2 x 26.5 = 296 cu. yd./prod. hr. 
296 cu. yd. x 2700#/cu. yd. 
2000#/ton = 400 tons/hr. 
400 tons/prod. hr. capacity is adequate 
The down time hours of the eight year old Marion lllM 
:Sihove 1 during a 12 month period are tabulated in Figure 11 
and the frequency distribution of down time hours on the 
'Shovel are tabulated in Figure 12. 
Figure 12 - Frequency Distribution Of Down Time On 
Marion lllM Shovel 
( Jw1arch 1962 thru Feb. 1963) 
Down Time Number In Year Total 
hr/wk Period (80 o~ration) Probabili ti Time 
.5 hr. 2 2/25 1 
1. 0 hr• 4 4/25 4 
1.5 hrs. 4 4/25 6 
2.0 hrs. 3 3/25 6 
Down 
Hours 
... _ ...... _ .... _ ........ _, .... . 
.. r:: 
"··~ ..... ~ ...... -:a\, 
\.._ . 










I, 3. O hrs. 2 2/25 6 l-· 
;:' 
.. 
I f .: . ·- .. ,.,.. ,.;"' ·~ .~ .... .......,..;.,:...,.. ... _ .. 
4. O hrs. 4 4/25 16 
6. O hrs. 2 2/25 12 
8. 0 hrs. 4 4/25 
* 25 
It is evident that one shovel can load the truck fleets 
under consideration, therefore, the down time of a shovel will 
be neglected since two shovels are normally being operated in 
the quarry. The down time and frequency distribution for four 
quarry trucks are tabulated in Figures lJ, 14, 15, 16 and 17. · 
;,-· 
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• J Figure lJ · 1 - H1stori Of Down Time On Ten Year Old 
I 
. i 
Mack Quarrz Truck #2'J.. 1 
•. j 
80 hr/wk Operation 
Jan. 1959 thru Dec. 1959 
Month 
l 2 J 4 5 6 2 8 2 10 11 12 
Date 
1 • • • • • • • • • • • • 
2 • 8 • • • • • • • • • • 
3 
1;,:.,<-
• • • • • • • • • • • • 
4 • • • • • • • • • • • • 
5 • 8 • 5 • • • • • • • • 
6 • l • 2.5 • • 2. 3 • • • • • 
•.. 7 • • • • • • • 2 • • • • 
8 • • • • • • • • • • • • 
9 • • • • • • • • • • • • 
10 • • • • • 2 • • • • • • 
11 • • • • • • • • • • • • 
12 • • • • • • • • • • • • 
13 • • • • • • 4. 8 • • • • • 
14 • • 3. 3 • • • • • • • • • 
15 • • • • • • • • • • • • 
'\ l''·. 
16 • • • • • • • • • • • • 
fJ' 17 8 • • • • • • • • • • • 
18 • • • • • • • • • 4.8 • • 19 • • • • • • • • • 8 • 8 
20 • • • • • • • • • • • 8 
21 • • • • • • • • • • • • 
22 5.5 • • • • • • • • • • • 
23 8 • • • • • • • • • • • 
24 • • • • • • • • • • • • 
25 8 • • • • • • • • • • • 
26 8 • • • • • • • • • • • 
27 • • • • • • • • • • • • 
28 • • • • • • • • • • • • 
29 1 • • • • • • • • • • • 
30 • • • • • • • • • • • • 
31 • • • •• • • • • • • • • 
.w...;·1 .. 
-. -. '.,_.I·' 
r 
. ..• -... ...... -;·:,: .... "'!""~ \o_"• . ....,,..,..__."" 
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History Of Down Time On Ten Year Old 
Mack Quarry Truck #24 
80 hr/wk Operation 
Jan. 1959 thru Dec. 1959 
Month 
{ ''I; 
< l 2 J 4 5 6 7 8 9 10 11 12 
I Date 
l • • • 8 • • • • • • • • 2 • •. 5 • • • • • • • • • • 3 • • • • • • • • 4 • • • 4 • • • • • .5 • • • • • • 5 • • • .5 • • • • • 1.5 • • 6 • • • • • • • • • • • • 7 • • • • • • • • • • • • 8 • • • • • • • • • • • • 9 • 3 • • • • • • • • • • 10 • • • • • • • • • • • • 11 • • • • • • • • • • • • 12 • • • • • • • • • • • • 13 • • • • • • • • • • • • 14 • l • • • • l • • • 1 • 15 • • • • • • • • • • 8 • 16 • • • • • • • • • • • • 17 • • • • • • • • • • • • 18 • • • • • • • • • • • • 19 • • • • • • • • • • • • 20 7.5 • • • • • • • • • • • n·,,~ 
• • • • • • • • • • • • 22 ~ . ..__. ) . • • • • • • • • • • • 23 • • • • • • • • • • • • 24 • • 3 • • • • • • • • • 25 • • • • • • • • • • • • 26 1 • • • • • e • • • • • 27 • • • • • • • • • • • • 28 • • 3 • • • • 1. 8 • • • 5 29 • • ts • • • • • • • • • JO • • • • • • • • • • • • 31 • • • • • • • • • • • • 
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Figure 15 - History Of Down Time On Ten Year Old 
Mack Quarrr Truck #25 
80 hr/i,,1k Operation 
Ja11. 1959 t,hru Dec. 1959 
'.\: Month 
1 2 2 4 5 6 2 8 9 10 11 12 'I Date I 
l I • • • • • • • • • • • • ,'[ I 
.I 2 4.5 r • • • • • • • • • • • iC ·~ 'c 
:..I 3 • • • • • • • • • • • • :: ~ I 4 8 .' • • • • • • • • • • • I 'q 5 • 2.5 • • • • • • • • • • r:~ 6 i,O I • • • • • • • • • • • • Ip 7 1.5 fo • • • • • • • • • • • I' 8 8 II • • • • • • • • • • • D 9 8 D • • • • • • • • • • • I D 10 • • • • • .a • • • D • • • I D I 11 .D • • • • • • • • • • • • I 12 C .• I I • • • • • • • • • • • • 
I~ 13 • • • • • • • • • • • • 14 • • • 1.8 • • • • • 2. 8 • • .·~ d 15 2.5 I •• I • • • • • • • • • • g D 16 • • • 8 • I' • • • • • • • 17 • • • • • 8 • • • • • • 18 • • • • • • • • • • • • 19 . • • • • • • • • • • • •• 20 • • • • • • • 4 • l • • 21. • • • • • • • • • • • • ~ 22 • • • • • • • • • • • • 
'.2·3- • • • • • • .a • • • • • 
··2·4 
• • • • • • • • • • • • 25 2 8 8 'iJ • • • • • • • • • g 26 • • • • • • • • • 8 • • 27 • • • • • • • • • • • • 28 • • • • • • • • • • • • 29 • • • • • • • • • • • • 30 • • • • • • • • • • • • 3.l • • • • • • • • l • • • 
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Figure 16 
-
History Of Down Time On Ten Year Old 
Mack ~uarry Truck #26 
80 hr/wk Operation 
Jan. 1959 thru Dec. 1959 
Month 
1 2 J -4 5 6 7 8 9 10 11 Date 
l • • • • • • • • • • • 
2 • 1 • • • • • • • • • 3 • • • • • • .5 • • • • 4 • • • • • • • • • • • ,, I· 
5 • • • • • • • • • • 3.5 ,. 6 .5 .5 5 ., • • • • • • • • ~ 
-; 7 ,,,,--·-·' ---·-• ..... , 4 'f • ·~./· . ... .. ,,, • • • • • • 8 ' • ..... l ,1 • • 't- • • • .--......___ . • • 
----- -----·. 9 • • • • • • • • • • • 
:ti 
0 • • • • • • • • • • • 
' I • • • • • • • • • • • j 1 .) • • • • • • • • • • • ., 
·:I 13 ' -., • • • • • • • • • • • ,,, 14 • • • • 8 • • • • • • 15 ,, 1.5 8 • • • • • • • • • 16 • • • • • • • • • • • 
17 • • • • • • • • • • • 18 • • • • • • • • • • • 19 • • • • • • 2.5 • • • • 20 • • • • • • • .5 • • • 21 • • • • • • • • • • • 22 • • • • • • • 4 • • ,., • / 
23 \ • • • • • • • • • • • 24 • • • • • • • • • • • 25 • • • • • • • • • • • 26 • • • l • • • 1.5 • 8 • 
~'..'· 27 • • • • • • • • • • • r 28 • • • • • • • • • • • ;· 29 ~· • • • • • • • • • • • ( 
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Figure 17 - Down Time Frequency D1str1but1on 
Of 
-
Four - Ten Year Old Quarry Trucks 
80 hr/wk Operation 
Jan. 1959 thru Dec. 1959 
Down Time Truck 1.n. # Total Down Period 23 24 25 26 Probability Time Hours 
4 7/76 4.5 hrs. .5 hr. • J • 
• a hr. • • 2 • 2/76 3. 5 hrs • 1.0 hr. 2 4 2 2 10/76 10. 0 hrs. 1. 5 hrs., • l 1 2 4/76 6. O hrs. 1. 8 hrs. • 1 1 • 2/76 3. 5 hrs. 2. 0 hrs. 2 • 1 l 4/76 a.o hrs. 2. 3 hrs. 1 • • • 1/76 2. 3 hrs. . 2.5 hrs. 1~ • 2 1 4/76 10.0 hrs. 2. 8 hrs. • • 1 • 1/76 2. 8 hrs. 3. O hrso • J • • 3/76 9. O hrs. 3• 3 hrs. l • • • 1/76 J• 3 hrs. 3• 5 hrs. • • • 1 1/76 3.5 hrs. 4. O hrs. • l 1 3 5/76 20.0 hrs. 4. 5 hrs. • "'• l • 1/76 4.5 hrs. 4. 8 hrs. 2 • • • 2/76 9.5 hrs. 5. 0 hrs. 1 l • 1 3/76 15.0 hrs. 5. 5 hrs. l • • • , 1/76 5.5 hrs. 7• 5 hrs. • 1 • • 1/76 7.5 hrs. 8. 0 hrs. 9 
I~ 
8 
I~ 23/76 184.o hrs. 20 20 290.3 hrs. 
290 hrs. 
4 trucks ~ 72.5 hrs. average down time per truck per year 
The average number pf down time hours for a ten year 
old truck is 72.5 hours per year. Since the study covers 
new trucks up to five years old, the truck down time hours 
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CHAPTER IV 
ESTIMATE OF OPERATING AND CAPITAL COSTS 











Calculations in Chapter III indicated that the operating 
costs of three truck fleets should be considered since each 
fleet coµld provide adequate rock to satisfy requirements. 
The truck fleets studied over a five year period are: 
A 1) 4 trucks of 10.5 cu. yd. capacity 
2) 3 trucks of lj.8 cu. yd. capacity 
3) 2 trucks of 26.5 cu. yd. capacity 
Repair Costs Over A Five Year Period: 
Repair Costs are calculated as a function of truck accu-
mu:lated mileage. The calculations of truck miles traveled 
:Per. year over a five year. period are shown in Figure 18 • 
.. 
Figure 18 - Total Miles Traveled Per Truck In A Five 
Year Period 
1) 4 trucks - 10.5 cu. yd. capacity 
From Figure 33 
5.9 miles/truck/prod. hr. x 6.25 prod. hr./shift 
x 9 shift/week x 52 week/year a 17,200 miles/year 
Truck Mileage Accumulated 
Per Year Year Mileage Per Truck 
17,200 iC l - 17,200 
-17,200 X 2 • 34,400 
17,200 X 3 • 51,600 
17,200 X 4 • 68,800 
17,200 X 5 • 86,000 
.... ·•. .... ~· .. ·,. ...... ; : \• ...... 
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Figure 18 - Total Miles Traveled Per Truck In A Five 
Year Period (Cont'd.) 
2) J trucks~ 1508 cu. yd. capacity 
From Figure 33 
5.6 miles/truck/prod. hr. x 6.25 prod. hr./shift 































3:l 2 trucks - 26. 5 cu. yd. capacity 
From Figure 33 
4.8 miles/truck/prod. hr. x 6.25 prod. hr~/shift 































As discussed in Chapter II, da-ta from a previous exper-
iment showed that repair costs p·er mile are a function of 
:c·umulati ve Mileage lM) as follows: 
-5 
Repair Cost/mile 
-1. 31• 10 r.1) 
o. 26 ( 1-e -
-
Undoubtedly as the truck size increases, the repair 
cost would increase but the repair cost should have a simi-
lar cost characteristic curve. Since the tire costs are 
usually a general representation of repair parts cost, the· 
ratio of the tire costs of the various truck sizes{'.;> .. were used 
to associate the repair cost characteristic curves of various 
truck sizes. 
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With the assumption that the expression mentioned on 
the previous page is the characteristic for the 10.5 cu. yd. 
truck and the tire costs for a 10.5 cu. yd. truck are $2000 
per set, $5500 for the 15.8 cu. yd. capacity truck and $12,000 ~ 
for the 26.5 cu. yd. capacity truck, the repair cost functions 
are as follows: 
,e;-• 
1) 10.5 cu. yd. truck repair cost characteristic 
-5 
Repair Cost/mile= o.26tl-e 
-1.)1•10 M) 
2.) 15. 8 cu. yd. truck repair cost characteristic 
-5 5500 -1.31•10 M) 
Repair Cost/mile= 2000 x o.26tl-e 
J) 26. 5 cu. yd. truck repair cost characteristic 
-5 
12 1 000 -1.Jl•lO M) Repair Cost/mile= 2000 x 0.26ll-e 
Figure 19 is a tabulation of repair costs for the var-
ious truck fleets which were obtained by solving the repair 
costs equation at the end of years 1, 2, J, 4 and 5. 
Figure 19 - Repair Costs During A Five Year Period 














....... •,-..,;, .. 
Repair Cost 










Figure 19 - Repair Costs Dur1!!6 A Five Year Period (Cont'd.) 
No. of 
Year Trucks 
Miles Repair Cost Total Annual Repair 


























2) 3 Trucks - 15.8 cu. yd. capacity 
Accumulated 























$ .03 x 55/20 =$ .oa 
• 06 X 55/20 - e lO 
• 09 X 55/20 = • 24 
el2 X 55/20 = •32 
• 15 x 5 5 / 2 0 = • 40 
No. of Miles Repair Cost Total Annual Repair 













X 16,400 ~C 
X 16,400 X 
X 16,400 X 
X 16,400 X 
X 16,400 X 





- 26.5 cu. yd. capacity 
Accumulated 





















$ e02 X 120/20 =$ el2 
.05 X 120/20 = .JO 
.08 X 120/20 = .48 
ell X 120/20 = .66 
elJ X 120/20 = •78 
No. of Miles Repair Cost Total Annual Repair 











X 14,000 X 
X 14,000 X 
X 14,000 X 
X 14,000 X 
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Tire Replacement Costs Over A Five Year Period: 
Tire replacement costs are a function of tire cost and 
fleet miles traveled per year. The costs for a -·set of tires 
for the three truck fleets under consideration are as follows: 
1) 1 Truck - 10. 5 cu. yd. capacity 
From Figure 29 
1 Set of Tires = $2000 
2) 1 Truck - 15. 8 cu. yd. capacity 
From Fig11re 29 
1 Set of Tires = $5500 
3) 1 Truck - 26.5 cu. yd. capacity 
From Figure 29 
1 Set of Tires - $12,000 
-
Assuming a tire life of 25,000 miles, the tire replabe-
ment cost for the three fleets of trucks under study were 
calculated as shown in Figure 20. 
Figure 20 - Tire Replacement Costs Over A Five Year Period 
1) 4 Trucks - 10.5 cu. yd. capacity 
From Figures 29 and 33 
' 5.9 miles/prod.hr. x 6.2.5 prod.hr./sh1ft x j shift/wk 
x 52 wk/yr• 17,200 miles/yr/truck 
17,,200 
25,000 x $2000/set of tires= $1380/yr/truck 
Fleet Tire Cost/Yr• 4 x $1380 = $5520 
' 
2.) . 3 Trucks - 15. 8 cu. yd. capacity 
From Figures 29 and 33 
5. 6 miles/prod. hr. x 6. 25 prod. hr. /shift x 9: s.hift/wk 
x 52 wk/yr= 16,400 miles/yr/truck 
16,400 
25,000 x $5500/set of tires= $3600/yr/truck 
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,, .... , ... 
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Figure 20 - Tire Replacement Costs Over A Five Year Period 
. (Co~t'd•) 
3) 2 Trucks - 26.5 cu. yd. capacity 
From Figures 29 and JJ 
4.8 miles/prod.hr. x 6.25 prod.hr./shift x 9 shift/wk 
x 52 wk/yr• 14,000 miles/yr/truck 
14,000 
25,000 x $12,000/set of tires = $6750/yr/truck 
Fleet Tire Cost/Yr = 2 x $6750 • $13,500 
Fuel Costs Over A Five Year Period: 
As discussed in Chapter II, data from a previous experi-
ment showed that fuel costs per mile are a ·function of cumu-
lative mileage (M) as folloi4ls: 
-8 
f •gallons/mile• 0.1786 x 1.7355 x 10 M 
To modify the above equation to suit this study, the 
miles traveled per truck over a f1 ve year period were calcu-
lated. The equation was then solved to determine the per cent 
of increase of fuel consumed at the end of years 1, 2, 3, 4 
and 5. The tabulation of results for all three truck fleets 
are in Figure 21. 
'. ~- :' . -.-•·' 
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Figure 21 - Characteristics Of_The Fuel Cons-umption Curve 
During A Five Year Period 


































J). 2 Trucks - 26.5 
Gallons 
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Figure 32 provided pounds of fuel consumed per produc-
tion hour of the three sizes of trucks being considered. The 
fleet fuel consumption costs per year as a function of accumu-
lated mileage were calculated and tabulated in Figure 22. 
Figure 22 - Fuel Costs Per Year Over A Five Year Period 
1) 4 Trucks - 10.5 cu. yd. capacity 
From Figure 32 
4 trucks x 45# fuel/prod.hr. = 180# fuel/prod.hr. 
180# fuel/prod.hr. x 6.25 prod.hr./shift x 9 shift/wk 




Due to Eff. 
Loss 
Total# Fuel Consumed 






















# Fuel Consumed 









































z·} 3 Trucks - 15.8 cu. yd. capacity 







3 trucks x 62# fuel/prod.hr. = 186# fuel/prod.hr. 186# fuel/prod.hr. x 6.25 prod. hr./shift x 9 shift/wk 
x 52 wk/yr= 545,000# fuel/yr at maximum efficiency 
% Increase 
Base F11el Due to Eff. Total # Fuel Consumed Consumption Loss By Fleet Per Year 
545,000 X 100.16 - 545,872 54.5~000 X 100.32 
- 546,744 545,000 X 100. Ll,8 
- 547,616 
-545 ,ooo X 100.64 ·- 548,488 
·-
.. 
545,000 X 100.ao - 549,360 .~. 
~-
- .. / t 
... ' . , 















Figure 22 - Fuel Costs Per Year Over A Five Year Period 
{Cont'd.) 
# Fuel Consumed . 1. 51' Per Annual Fuel 



















545,872 X • 015 
546,744 X • 015 
547,616 X • 015 
548,488 X • 015 
.549, 360 X • 015 
2 Trucks - 26.5 cu. yd. capacity 
From Figure 32 





2 trucks x 100# fuel/prod.hr.= 200# fuel/prod.hr. 
200# fuel/prod.hr. x 6.25 prod.hr./shift x 9 shift/wk 
x .52 wk/yr= 587,000# fuel/year at maximum efficiency 
% Increase 
Base Fuel Due to Eff. Total# Fuel Consumed 
Consumption Loss By Fleet Per Year 
587,000 X 100.14 - 587,821 
587,000 X 100. 28 - 588,642 -
587,000 X 100.42 - .589,463 
587,000 X 100.56 - 590,284 -
587,000 X 100.70 - l, 591,105 -
# Fuel Consumed 1. 5~ Per Annual Fuel 
Per Fleet Of Trucks # Fuel Cost Of Fleet 
587,821 X • 01.5 - $ 8817 
588,642 X • 01.5 - 8829 -
.589,463 X • 01.5 - 8841 ·-
590,284 X • 015 - 8853 
591,105 X • 01.5 - 8865 
Operator Cost Over A Five Year Per+od: 
As shown in Chapter II, Figure 4, Operator Costs (Fringe 
and Wage) at Hercules Cement Company have increased on an 
average of $.16 per hour per year starting with a base price 
of $1.00 in 1950. 
42 
~- '·.. . .. - .... - .. . . . . ...... ~ ...... _..... . ... . 
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Total operator cost lFringe and Wage) for a truck driver 
in 1963 is $J.OO per hour. Asswning a $.16 per hour increase 
per year for the next five years, the operator costs for the 
fleets of trucks under consideration are tabulated in Figure 
23. 
Figure 23 - 0Eerator Costs~Over A Five Year Period 
1) 4 Trucks - 10.5 cu. yd. capacity t80 hr/wk operation) 
No. of tio. of Hours Gast Per Total Operator 
Year Men Per Year Manhour Gast Of Fleet 
1 8 X 2080 X $ 3. 00 - $ 49,920 
2 8 X 2080 X 3.16 - 52,582 
3 8 X 2080 X J. 32 - 5.5,244 
4, 8 X 2080 X 3. 48 - 57,906 -
5· 8 X 2080 X 3. 64 - 60,568 
:2') 3 ·Trucks .. 15.8 cu • yd. capacity t80 hr/~Jk operation) 
No. of l~o. of Hours Cost Per Tot2.l Operator 
Year Men Per Year Manhour Cost Of Fleet 
1 6 X 2080 X $ 3. 00 - ~ 37,944 -
I 2 6 X 2080 X 3.16 - 39,236 3 6 X 2080 X 3. 32 - 41,0J2 -4. -6· X 2080 X 3. 48 - 42,828 
-
·5 6" 2080 3. 64 44,624 . X X -
_3:). 2 T:ruck·s . . 26.5 cu." yd • capacity l80 hr:/Wk operation) 
-
No. of No. of Hours Cost Per Total Operator 
Year r1en Per Year r~1anhour Cost Of Fleet 
1 4 X 2080 X . :$ 3. 00 A 24,960 - ~ -
2 4 X 2080 X 3.16 - 26,291 
3 4 X 2·oso X 3. 32 - 27,622 -
4 )} X 2080 X J· 48 - 28,953 
5 .4 X 20··80 X 3. 64 - J0,284 
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Ca;gi tal Cost~ 
The purchase price of the various truck sizes be111g 
considered were obtained from Appendix A, Figure 28. The 
fleet costs for the,,j;hree sizes of trucks are sho~,n in Fig-
ure 24. 
Figure 24 - Capital Investment 
1) 4 Trucks at 10.5 cu. yd. capacity 
Fleet Cost• 4 x 27,500 = $110,000 
-2.'.) 3 Trucks at 15. 8 cu. yd. ca.paci ty 
. 
Fleet Cost= 3 x 37,000 = $111,000 
J} 2 Trucks at 26.5 cu. yd. capacity 
.. 
Fleet Cost= 2 x 56~000 = lll2,000 
.As .s·hovm in Figure· 24, the cost of any· of the three 
f'lee·t.s ·1s :i11.thin 1% of $lll, 000. Since· the difference in 
cos·ts 'Qf fleets being considered was so s·mall, the capital 
cros:t··s :will be omitted for cost comparison. 
The depreciation and resale values will al·Eio be omitted 
~-r>J' 
for cost·"-·comparison·. The depreciation and. ·re·sale values of 
the truek fleets are a function of time and not mileage~ there-
fore, the values for all three fleets will be the same at any 
point in time. 
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CONCLUSION 
In an effort to recommend a fleet of quarry trucks to 
provide the Hercules Cement Comapny with rock at optimum 
costs, four truck fleets were considered. 
. 
1) 4 trucks of 10. 5 cu. yd. capacity 
2) J trucks of 15. 8 cu. yd. capacity 3) 2 trucks of 26. 5 cu. yd. capacity 4) 1 truck of greater than 26 • .5 cu. yd. capacity 
In all cases, the potential truck fleets were capable 
of hauling 340 tons of rock per production hour except the 
fleet with one truck. Due to inherent characteristics of 
the system, one trucl{ could not haul J40 tons of rock per 
product~on hour irregardless of size. This potential truck 
fleet was ruled out early in the study because the rock cr1lsh-
1ng system 1nust operate at maximum production of J40 tons per 
production hour to provide optimum rock cost.- The number of 
_men required to operate- the system makes 1 t economically de-
sirable for ·'01peration at maximum production • t' 
Th·e inherent characteristics of the system which pre-
vents one large truck from hauling J40 tons per production 
' 
hour is the rock hopper at the skip car. The hopper has a 
capacity of 70 tons l52 cu. yd.) which discharges into a 15 
ton(ll cu. yd.) skip car which transports rock to the primary 
crusher. If a truck has :a ·capacity of 85 tons l63 cu. yd.) I 
,. 
or more, the truck cannot dump the entire load until the skip 
,.~ t -· car makes a return trip·. This v1ai t·ing time is lost time and 
the truck production ca.pabili ties decline as the waiting time 
at the rock hopper increases. ( 
t:' . . 
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The capital costs of the three potential fleets were 
omitted in the study since the costs of the three fleets un-
der consideration were t\Ti thin 1% of $111,000. 
The potential truck fleets repair costs, tire replace-
ment costs, operating costs and fuel consumption costs were 
calculated over a five year period and are tabulated in Fig-
ures 25 and 26. To provide a graphic presentation of costs, 
the values from Figure 26 were used to plot the curve in Fig-
ure 27. 
Figure 27 indicates that the truck fleet with two 26. 5 
cu. yd. capacity trucks has the minimum total operating costs 
over a five year period and is the i'leet recommended as a so-
lution to this study. 
This fleet will provide optimum roc'k · :c:osts 1n nine eight-
·nour shifts per week and will allow a tenth shift /for blasting 
I 
'and system maintenance. 
The recommendation o.f a truck fle~t of two 26.5 cu. yd. 
trucks would prod1lce rock at optimum system costs in the Her-
cules Cement Co.mpany quarry, for at least five years provided 
the system operating conditions remain as mentioned in the 
·· ·text. 
It is interesting to note that the truck fleet recommend-
ed is the l~rgest truck and has the highest repair cost, tire 
replacement cost and fuel consumption. To offset the higher 
repair costs, tire replacement costs and fuel consumption costs, 
the reduction in operator costs when operating a fewer number 
of trucks is sufficient to produce minimum. fleet costs • 
.. , ....... 
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Figure 25 - Summary Of Annual Comparable Operatine; Costs 
Over A Five Year Period 
4 Trucks -
-
10. 5 Cu. Yd• CaP9:01 ty 
Year 
Fleet 
Operating Costs 1 2 3 4 5 
Fuel Cost $ 7., 935 $ 7,950 $ 7, '165 $ 7,980 $ 7,995 
Operator Cost 49,920 52,582 55,244 57,906 60,568 
Repair Cost 2,712 4,816 6,568 9,632 .11,000 
Tire Cost 5,520 5,520 5 ,.520 5,520 5 ,5.20 
Total $66,087 $70,868 $75,297 $81,038 $85,083 
3 Trucks 
- 15.8 cu. Yd. Capqcity 
Fleet 
Operating Costs l 2 3 4 5 
Fuel Cost $ 8,188 $ 8,201 $ 8,214 $ 8,227 $ 8,240 
Operator Cost 37,944 39 ,·236 41,032 42.,828 44,624 
Repair Cost 3,936 7,872 11,808 15,744 19,680 
Tire Cost 10,800 10,~00 10,800 10.,800 10.,800 
Total $60,868 $66,109 $71,854 $77,593 $83,344 
2 Trucks - 26.5 cu. Yd. Capacity 
Fleet . 
Operating Costs l 2 3 4 5 
Fuel Cost $ 8,817 $ 8,829 $ 8,841 $ 8 ,85J $ 8,815 
Operator Cost 24,960 26,291 27,622 28, 95 J J0,284 
Repair Cost 3,360 8,400 13,440 18,480 21,840 
Tire Cost 13,500 13,500 13,500 13,500 13,500 
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Figure 26 - Summary Of Fleet Costs Accumulated 
Over A Five Year Period 
4 Trucks - 10.5 Cu. Yd. Capacity 
l Year 2 Year 3 Year 4 Year 5 Year 
Fleet Costs Total Total Total Total Total 
Fuel Cost $ 7,935 $ 15,885 $23,850$ 31,830$ 39,825 
Operator Cost 49,920 102,502 157,746 215,652 276,220 
Repair Cost 2,712 7,528 14,096 23,728 .34»728 
Tire Cost 5,520 11,040 16,560 22,080 27,600 
Total $66,087 $136,~55 $212,252 $293,2~0 $378,873 
3 Trucks - 15. 8 Cu. Yd. Capacity 
1 Year 2 Year 3 Year 4 Year 5 Year 
Fleet Costs Total Total Total Total Total 
Fuel Cost $ 8,188 $ 16,JS~ $ 241 60J $32,824$ 41,064 Opera·tor Cost 37,~44 77,180 118,212 161., 040 205J)664 
Repair Cost 3,936 11,808 23,616 39»360 5'7,040 
Tire Cost 10,aoo 21,600 32.,400 4},200 54,000 
Total $ 60,868 $126.,~77 $198,831 $276,424 $359,768 
2 Trucks - 26.5 Cu. Yd. Capacity 
l Year 2 Year 3 Year 4 Year 5 Year 
Fleet Costs Total Total Total Total Total 
Fuel Cost $ 8.,817 $ 17,646 $ 26,487$ 35,340$ 44,205 
Operator Cost 24,~60 51,251 78,873 107,826 138,110 
Repair Cost 
... 3,360 11,760 25.,200 43,680 65,520 
Tire Cost 13,500 27.,000 40,500 54,000 67,500 
Total $50,637 $107,657 $171,060 $240,846 $315.,335 
( 
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0 1 2 3 4 5 
Year 
0 17,200 34,400 51,600 68,800 86,000 Cumulated mileage for 10.5 Cu. Yd. Capacity Truck 0 16,400 
.32.,800 49,200 65,600 82,000 Cumulated mileage for 15 • 8 Cuo Ydo Capacity Truck 0 14.,000 28,000 32,000 51,600 70,000 Cumulated mileage for 26. 5 Cu. Yd •. Capacity Truck 
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The truck cost relationship between sizes of trucks was 
as expected. One truck of size Xis priced slightly less 
than the cost of two trucks of size X/2. A typical example 
1s the price of $27,000 for a truck of 10.5 cu. yd. capacity 
and a price of 156,000 for a truck of 26.5 cu. yd. capacity. 
The relationship of tire costs for trucks of different 
sizes was not as anticipated. The tire costs for a truck of 
size Xis considerably greater than the cost of tires for two 
trucks of size X/2. A typical example is the price of $2,000 
for a set ofo tires on a 10.5 cu. yd. truck and a price of 
$12,000 _for a set of tir~s on a 26.5 cu. yd. capacity truck. 
·' :Truck size is two and one-half times as large and tire cost 
·1s six times as large. Hov-1ever, this irregularity is return-
ed to a normal ratio when tire replacement costs per fleet of 
trucks are calculated. A-.Yl example of this is where the tire 
replacement cost for a fleet of four trucks of 10.5 cu. yd. 
capacity i·s $.5 .,520 a year and the tire replacement cost for 
a fleet of two trucks of 26.5 cu. yd. capacity is $13,500 a 
year. The reason for this is that the fleet of smaller trucks 
is required to travel more miles per year to haul the same 
amount of material as a truck fleet of larger tr11.cks. 
If time would have permitted., ·it would have been desir-
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It also would have been desirable to continue the study 
until the truck repair cost function approaches a constant 
value at approximately 300,000 miles to determine if these 
values would change the conclusion. 
Other areas of study that would be of interest are: 
1) A study to determine when a truck fleet should 
be replaced to obtain optimum truck costs. 
.·2·) A study to determine what the system production 
capabilities should be per production hour to 
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Data Used To Plot Figure 28 
Quoted Purchase 
cu. Yd. Capa~ity Price 
12.5 $J0,.492 
24 50,285 
50 38 70,845 
65 49 95,810 
r 
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Data Used To Plot Figure 
\-
Truok 
cu. Yd. 2 Front Tire 4 Rear 
Capacity Tires Price Tires 
12.5 12x25xl6 $ 400 14x25x20 
24 18x25x28 1738 18x25x28 
38 2lxJ5xJ2 ;043 2lxJ5xJ2 
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D~t~ Used To Plot Figure 30 
I , 
The following equation was developed to determine (k) 










,. 0 < y > 6; 
•• r .. 
50 minutes of productive effort per hour 
shovel cyole in minutes 
truck cuo ydo capacity heaped at 3:1 
size of shovel bucket in CUo yde 
truck travel and dump time in minutes 
a waiting time at truck dump is developed when 










Number Of Trips 
per 50 minute hour 
·, •: J'' 
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Data Used To Plot Figures JO And 31 
HOURLY HAULIID PRODUCTION ESTIMATE - 12. 5 Cu. Yd. Capac1 ty 
Truck Data: 









Rear Axle Ratio -
Vehicle Weight - Jl,600 lbs. 
$30,492 Price -
Payload: 
Material Lbs./loose cu. Xd• x heaped pa~load 
Rock, well blasted 2700 x 12.5 =33 0 lbs. 
Loading: 
Heaped Capacity+ shovel capacity x shovel cycle ~minutes) 
12. 5 cu. yd. + 4 cu. yd. = 4 x • 55 = 2. 20 min. X 
Haul Road Rolling Resistance: 
50% of road solid rock & 50% of road packed gravel = 2% 
Hauling: 








































(MPH X 88 X s;.eeed fact) 
{32 X 88 X • JO) =. Jl minutes 
l 7 X 88 X 1.00) =o65 minutes 
\ J2 X 88 X .65) =o27 minutes 
l 15 X 88 X 1.00) =o75 minutes 
()2 X 88 X .50) =e35 minutes 
Total hauling =2•33 minutesx 
+ \ MPH x 88 x speed fact) 
+ (32 x 88 x .50) =•35 minutes 
+ ll7 x 88 x 1.00) :066 minutes 
+ {32 X 88 X .65) :o27 minutes 
+ {32 x 88 x •75) :ol9. minutes 
+ l32 x 88 x .40) ~026 minutes 


















' . } 
1. 
Hourly Hauling Production Estimate - 12.5 cu. Yd. Capacity 
(Cont 1d.) 
Turn and Dump: 
Average Condition 
s;eot at Shovel: 
Average Condition 
Total Cycle Time: 
= 2. 00 m1nutesx 
- • 60 m1nutesx 
Sum of time indicated by X = 8. 86 minutes 
Production Estimate: 
Trips per hour -
-
0 min. rod. hr. 
cycle time (min. -- io mirt. 8.6 min. 
5.6 trips x ~3 1 800 payload llbs.) 
2,000 lbs. 
Number of trucks required -
-
Hourly prod. required 
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Data Used To Plot _Figures 30 and 31 I \ \ 




3:1 Heaped Rated Payload -
Engi~ -





D - 2330 
24 CUo yde 
NT J3S 
16. 80: l 
47,000 lbs. 
$50,285 
Material Lbs./loose cu. yd. x heaped ~~load 
Rock, well blasted 2700 x 24 = 6 , 00 lbs. 
Loading: 
HeaEed Ca~c1 ty +shovel oapaci t~ x shovel cycle lminutes) 
2 cu. yd. + 4 ou. yd. = x • 55 = J• 30 min. X 
Haul Road Rolling Resistance: 
50% of road solid rock & 50% of road packed gravel = 2% 
Hauling: 




Gear In Feet x 
6th JOO x 
2nd 400 X 
6th 500 X 
5th 1000 . X 
6th 500 X 
\MPH X 88 X 
l32 X 88 X 
l 7 X 88 X 
(32 X 88 X 
ll5 X 88 X 
l32 ]C 88 X 
speed fact) 
• JO) = • Jl minutes 
lo 00) = e 65 minutes 
0 65) = a 27 minutes 
le 00) = • 75 minutes 
• 50) = • 35 minutes 






;.. . ~-· 
Distance 
Gear In Feet + \ MPH x 88 x speed fact) 6th 500 + ...... {3_2_x_88-x--.-5~0 .... )_=_•_3..,..5 minutes 
5th 1000 + ll7x88x loOO) :o66minutes 
6th 500 + (32 x 88 x 065) :a27 minutes 
6th 400 + ( 32 x 88 x o 75) = ® 19 minutes 
6th JOO + ( 32 x 88 x • 40 ) = • 26 minutes 
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Hourly Hauling Production Estimate - 24 Cu. Yd. Capacity 
(Cont'd.) 
Turn and Dump: 
Average Condition 
Spot at Shovel: 
Average Condition 
Total Cycle Time: 
-
2.00 minutes X 
-
.60 minutes X 
Sum of time indicated by X 
. ~ 
= 9• 96 minutes 
Production Estimate: 
Trips per hour 
-
-
50 min. prod. hr. 
eye le time ( min. ) = 
Est. Hourly prod. I. -
50 min. 
9• 96 min. 
5 tr1¥s x 64,800 palload\lbs) 
,CJOO lbs. 
Number of trucks required = 
Hourll prod. required f40 tons 






16 2 tons /hr. 
-
2.1 trucks 
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Data Used To Plot Figures 30 And 31 
HOURLY HAULING PRODUCTION ESTIMATE - J8 cu. Yd. Capacity 
Truck Data: 
Manufacturer -
Truck Series .. 
Le Tourneau Westinghouse L.w. 50 
J:l Heaped Rated Payload-
Engine -
Rear Axle Ratio -
38 cu. yd. -, 
V· 12 - 525· 
18. 25: l 
I -i j; 
I , j, 
Vehicle Weight - 6J,8JO lbs. 
Price - $70,845 
Payload: 
lbs. /loose cu. yd. x heaped payload 
X J8 = lOJ,000 lbs. 
Material 
Rock, well blasted 2700 
Loading: 
Heased Capacitl + shovel capacitl x shovel cicle (minutes) 
3 cu. yd. + 4 = 10 x .55 = 5.50 minutes X 
Haul Road Rolling Resistance: 


































(MPH X 88 x 
\32 X 88 X 
t 7 X 88 X 
l32 X 88 X 
ll5 X 88 X 
l32 X 88 X 
speed fact) 
• 30) = • 31 minutes· 
1.00) = .65 minutes 
• 65) = • 27 minutes 
1.00) = .75 minutes 
• 50) = • 35 minutes 
-









+ \MPH x 88 X 
+ \32 X 88 X 
+ ll7 X 88 X 
+ l 32 X 88 X 
+ l 32 X 88 X 
+ \.32 X 88 X 
Total return 









= • 35 
= • 66 
= • 27 
= .19 







1.73 minutes X 
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Hourly Hauling Production Estimate - J8 Cu. Yd. Capacity 
·(Cont'd.) 
Turn and Dump: 
Average 
Spot ~~ Shovel: 
Condition 
Aver2;&e Condition 
Total Cycle Tim~: 
Sum of time indicated by X 
Production Estimate: 




2. 00 minutes X 
- • 60 minutes X 
50 min. prod. hr. 
cycle time (min.) -· - 50 min. = 4. 1 trip/hr. 12. 16 min. 
Est. hourly prod. = 
4.1 trips x 1031000 ]28yload ~lbs) 2,000 bs. 
Number of trucks required 
-
Hourly .:e.!:~d~· .. required J40 tons 
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Data Used To Plot Figures JO And Jl 
HOURLY HAULING PRODUCTION ESTIMATE - 49 Cu. Yd. Capao.1ty 
Truck Data: 
Manufacturer 
- Le Tourneau-Westinghouse 
1. w. 65 Truck Series -3:1 Heaped Rated Payload - 49 cu. yd. 
VT 12 - 635 









Material l~s./lo~se cu. yd. x heaEed Eayload Rock, well blasted 2700 x 49 = 132,000 lbs. 
Loading: 
Heaped Capacity + shovel capac~ty x shovel c:fcl~ {minutes) 49 cu. yd. + 4 = 13 x .55 = 7.15 minutes X 
Haul Road Rolling Resistance: 




+8• 0% 0% 
-8.5% 0% 
Return: 
% Grade 0% 
+8-5% 0% 






















·· ..... _. 
Total hauling 
- 2. 33 minutes X 
+ (MPH x 88 x SEe.ed fact) 
+(32x88x .50) =•J5m1nutes + (-17 x 88 x 1. 00) = • 66 min\ttes + (32 x 88 x .65) = .27 minutes + {32 x 88 x .75) = .19 minutes + (32 x 88 x .40) = .26 minutes 
Total return 1.73 minutes X -
:.~·· ··.::.-~·,·;·. 
·65 
: .. . ·. .. 





,,..,._. . ·flt. ·r~~i..,1,-... , .... ·•r.<-,. ........ , 
·--. 
Hourly Hauling P~oduotion Estimate - 49 cu. Yd. Capacity (Cont'd.) 
Turn and Dump: 
Average Condition - 2. 00 minutes X 
Spot at Shovel: 
Average Condition - .60 minutes X 
-·· 
Total Cycle Time: 
Sum of time indicated by X - lJ.81 minutes 
Production Estimate: 
Trips per hour = 
-
.. ~ ·. ~ .. 
'·'\, 
0 min. -rod. hr. 
cyole time min. -
50 min. 
13. 81 min. = 3• 6 trips/hr. 
Est. hourly prod. -
3.6 trips x 1326000 paiload (lbs.) 2 1 00 Ibs. = 238 tons/hr. 
Number of trucks required= 
Est. hourly prod. 




- 1. 4 trucks 
·'' t ' •.· ....
~ ' ' j, 
·,\' • \ • '· .4 
66 
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Max. Value Due To System Limitations 
',""' 
2 Trucks 
- --- ~ ~ - ._ -.. ~- .___. ,_, 
.. ' - -, 
I 
I J. Trucks 
J. ._ ._... ,-.. - ~ .._.. -
' 
r . : 
4 Trucks l: 
l 
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Data Used To Plot Figure Jl: 
The following equation was developed to determine (K) 

























+ X 2000 O < y > 63 
50 minutes of produ~l effort per hour 
shovel cycle in minutes 
truck cu. yd. capacity heaped at J:l 
size of shovel bucket in cu. yd. 
truck travel and dump time in minutes 
weight of 1 cu. yd. of rock in pounds 
number of pounds per ton 
a waiting time at truck dump is developed 
when truck size exceeds 63 cu. yds. 
Calculation 
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Data Used To Plot Figure 32 
Estima·ted fuel consumption at sea level and 60°F J 
intake air. 
.,·· 
Assumption: I ' 
While unit 1s at a stand still or rolling down hill, 
truck engine is at idle and while unit is pull1ng 1 the 
engine 1s operating at rated RPM. 
1) Euclid Model 94FD - 12.5 cu. yd. payload - NH 220 Engine: 
Idle RPM 
Brake HP #Fuel/BHP-hr 
120 • 360 
Time Engine At Idle 
per Cycle 
2. 20 mine 
• 75 min. 
• 19 min. 
2. 00 min. 
5.14 min. 
Rated RPM 
Brake HP #Fuel/BHP-hr 
220 • 390 
Time Engine At Rated 
per Cycle 
• 31 min• 
• 65 min. 
• 27 min. 
• 35 min. 
• 35 min. 
• 66 min. 
• 27 min • 
• 26 min • 
• 60 min. 
3• 72 min. 
~ X 50 
60.0 - 21 
= 21.0 min. x 6.25 hr/shift = lJl min./shift @220 BHP 
= 39 min. X 6. 25 hr/shift 
#Fuel Consumed Per Shift: 
244 
= 244 m1n./sh1ft 
@ 120 BHP 
X 220 X • 39 + oQ X 120 X • 36 = 363# Fuel/ 
Shift 






: • .. ... ~ ..... ,c-.. at.,.'-,,"! .. fct--~ .• Y,-~'O_, •• ;.\ .• ,. , ••••• 
; : : 
. •, 
,. ' ... 
... -~·-~ •· • :. • 11 , ,, ..... ' : ... •• • ... , , ,1 
:.··.~-- ·. '"'''''' ~ .... . . . ..... -.. , ... "' .. ,. .. 
2) Dart Model, D - 2330 - 24 cu. yd. payload - NT J.35 Engine ,., 
Idle RPM 
Brake HP #Fue 1/BHP-hr 
190 .. • 38 
Time Engine At Idle 
~-
per Cycle 
J. JO mino 
• 75 mine 
.19 min. 
2. 00 min. 
5• 24 min. 
9-95 x 50 = 18. 8 min. x 6. 25 
60 - 18. 8 = 41. 2 min. x 6. 2.5 






Time Engine At Rated 
per Cycle 
• 31 mino 
• 65 mino 
• 27 min. 
• 35 min. 
• 35 min • 
• 66 min. 
• 27 min • 
• 26 min • 
• 60 min. 
3• 72 min. 
hr/shift = 118 min/shift 
... @ 334 BHP 
hr/shift = 257 min/shift 
@ 190 BHP 
118 257 60 X 335 X •38 +t)lf X 190 X •J8 = 560#Fuel/Sh1ft 
-
-
~O #Fuel/production hour 
3) L. w. 50 Model - 38 cu. yd. payload - V 12 - 525 Engine 
Idle RPM 
Brake HP #Fuel/BHP-hr 
JOO .412 
Time Eng{ne At Idle 
f.r CY:cle 
:50 mino 
• 75 min • 
• 19 min. 
2. 00 min. 






Time Engine At Rated 
per C~cle 
• 31 mino 
• 65 min. 
• 27 min. 
• 35 min. 
• 35 min. 
• 66 min. 
• 27 min. 
• 26 min. 
.60 min. 
3 .72 min. 
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12.16 x 50 = 15. 2 min. x 6. 25 hr/shift = 95 min/shift 
@ 525 BHP 
60 - 15. 2 = 44. 8 min. x 6. 25 hr/shift = 280 min/shift 
@ JOO BHP 
#Fuel Consumed Per Shift: 
95 280 
bO x 525 x • 424 + 60 x JOO x • 412 = 9.35 # Fuel/shift 
B5 = 149# Fuel/production hour 
4) L. w. 65 Model - 49 cu. yd. payload - VT 12 - 6.35 Engine 
Idle RPr1 
Brake HP #Fuel/BHP-hr 
360 • 406 
Time Engine At Idle 
l. per Cycle 
/ 7.15 min. 
• 75 min. 
.19 min. 
2. 00 min. 
10. 09 min. 
Rated RPM 
. I 
Brake HP #Fuel/BHP-hr 
635 .402 
Time Engine At Rated 
per Cycle 
• Jl min. 
• 65 min. 
• 27 min. 
• 35 min. 
• 35 min. 
• 66 min. 
• 27 min. 
• 26 min • 
• 60 min. 
3• 72 min. , 
.. l 
M1 x 50 = 13. 5 min. x 6. 25 hr/shift = 84 min/shift 
@ 635 BHP 
60 - 13.5 = 46.5 min. x 6.25 hr/shift = 290 min/shift 
#Fuel Consumed Per Shif~: @ 360 BHP 
84 ~ 
bQ X 6J5 X • 402 + """"oo X J60 X • 406 = 1066#Fuel/ 
1066 
6.25 = 171# Fuel/production hour 
Shift 
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Data Used To Plot Figure 33 






2 X 2700 ft. = 5400 ft. 
Euclid Model 94FD 
12.5 cu. yd. capacity . 
540_Q 
5• 6 trips/prod. hr• x 32'So = 5• 75 miles/prod. hr. 
Dart Model D - 2330 
24 cu. yd. capacity 
~ 5 trips/prod. hr. x 3280 = 5.15 miles/prod. hr. 
Le Tourneau-Westi~house Model .20 
38 CU• yd. capacity 
5400 
4.1 trips/prod. hr. X 5280 - 4. 2 miles/prod. hr. 
-
Le Tourneau-Westinghouse Model 6.2 
Z,:9 cu. yd. capacity 
~ J• 6 trips/prod. hr. X - 3· 7 miles/prod. hr. 
.\' 
..... .. -.... ,,.·..:...-·. 
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Figure 34 - Shove 1 L9ading Cycle 
20° Swiag 
Shovel Dipper 
Capacity Easy Average Hard I 
In ,Guo Yd. Digging Digging Digging 
1.5 CUo yd. • 25 min. • 37 min. .48 min • 
2 CUo yd. .27 min. • 39 min. .50 min. 2.5 yd. • 30 • .42 min • .53 min. CUo min. 
J CUo yd. .30 min. .42 min. .53 min. 3.5 CUo yd. .30 min. .42 min. .53 min. 4 CUe yd. • 30 min. .42 min. .55 min • 
4.5 CUo yd. .33 min. .45 min. .55 min. 5 cu. yd. .33 min. • 45 min. .55 min. 6 cu. yd. • 35 min. • 47 min. .57 min. 
7 cu. yd. • 35 min. • 47 min. .57 min. 8 cu. yd. • 37 min. • 48 min • .59 • min. 
Figure 35 - Turning and Dumping Time Averages 
Rear Dump 
Operating Conditions Truck 
Favorable •.••••••••••• 1.00 minute 
Average ••••••••••••••• 2.00 minute 
Unfavorable........... J. 00 minute 
Figure J6 - Average Spotting Time At Shovel 
Rear Dump 
02erat1ng Cond~tions Truck 
Favorable •••••••••••••• 45 minute 
Average•••••••s••o•••• .60 minute 
Unfavorable ••••• ooo••• .75 minute 
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Figure J8 - Rolling Resis~ance Table 
Pounds Pull 
per 2000 Lbs. 
Type of Road Surface of Gross Vehicle Wt. 
~ - .. 
Concrete and Asphalt 20 
Hard Packed Dirt 40 
Dry Dirt or Gravel 60 
Soft Dirt . 80 
Wet Surface on Firm Base 80 
Loose Sand or Gravel 200 
Rutted and Soft Base 320 
'.-· l•' 
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· Calculation of Truck S~ed .. Including Grade 
Resistance and Rolli:gg ~esistance 
. • 1, 
Rol~,ing resistance and grade resistance are expressed 
in per cent. The sum of rolling and grade resistance equals 
) the total resistance to move the truck up a given grade. 
Total Grade Res. =(Gross Vehicle wt. ) (% Grade+.% R.R.) 
The force in pounds of pull required to overcome grade 
is approximately 20 pounds per ton of gross vehicle weight 
for each 1% of grade. Speed on a given grade can be approxi-
mated as follows: 
M.P.H. ~(Gross Horsepower1 }(J75}(Effic1encz) 
Total Grade Resistance 
Exam.:ele G.v.iv. - 96,000# 
G.R. - 6% 
-
R.R. - 2% 
G. H. p. - 320 -
Eff. - • 85 -
- (26 1 000) ~6+2) - ? ,680# - 100 
M. P.H. - ( 320} <t~5 } (. 85) = 13.3 
7, 0 
Note 1) The gross horsepower of an engine drops as the 
altitude increases and temperature of intake air increases. 
Since this amount varies depending upon engine design, the 
manufacturer I s bulletin should be checl{ed to obtain actual 
figures. 
~- --·· , ... , .... 
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Figure 40 - Conversion of Maximum SEE3eds To Average Speeds 
Starting In f1otion lrJhen 
Length of Section From Stop Entering Section 
0 to 500 ft. • JO - .50 .50 - • 6.5 
500 to 1000 ft. .50 - .65 .65 - • 7.5 1000 to 2000 ft. .55 - • 70 • 70 - .ao 
2000 to 3000 ft. • 60 - • 75 • 75 - • 85 3000 to 4000 ft. .65 - .ao .ao 
- • 90 
Note: 
The above conversion figures are applicable to the four 
trucks with the assumption that the proper engine, axle ratio 
and transmission are selected on the same basis for best 
attainable performance which would give identical speed char-
acteristics. 
For instance, to obtain the same speed on an 8% grade, 
it is a matter of adequate horsepower and proper matching of 
transmissions and rear axle gear reductions. It reduces to 
what is considered a safe and comfortable operating speed on 
the road and all truck sizes can be designed to obtain those 
speeds. The equation to determine Net Brake Horsepower of a 
truck is: 
N.B. Hp. = (G. v. w.) (Grade +RR) (Desired MPH) 31so · 
Example 1: Euclid 94FD 
Gross Vehicle Wt. 
Grade 


















Euclid 94FD has 220 gross HP installed. 
Note 1) Net Horsepower of an engine is gross horsepower minus 
the sum of accessory requirements and correction for intake 
air temperature and elevation. 
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Exam:ele 2: Dart D - 2330 
Gross Vehicle wt. - 111.,800# 
Grade - 8% -
Rolling Resistance - 2% 
Desired MPH - at -
N.B.Hp. - (111,soo),a~ + 2~)(8) =. 280 
3180 
Dart D - 2330 has 335 gross HP installed. 
Example 3: 1. w. 50 
Gross Vehicle wt. -
Grade -






N. B. HP• = ( 166 2 8 JO){ sg + 2,%_) ( 8) = 318 420 
L. w. 50 has 525 gross HP installed. 
Example 4: L. w. 65 








N. B-. Hp. =· (208,000)(8,% + 2%.)(8) = 520 
3180 
L. w. 65 has 635 gross HP installed. 
s•••··•,h • , .• ••, •.• 
j" • t I • 
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• Figure 41 - Material We~hts Table 
,. 
... 
.. wt. In Bank Percent Swell Loose wt. Material Per. cu. Yd • Of Swell Factor Per cu. Yd. . { I 
2700 -·4300 33 • 75 2025 - 3225 l Bauxite i Clay, Dry 2400 25 • 80 1920 1 
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APPENDIX C 
MA.1IUF ACT URER 'S DATA 
EUCLID - 12.5 cu. YD. REAR DUI1P TRUCK 
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EU<:1:lD ·'··R-15 ·R E·AR · ·DU M'P''" 
(Model 94FD) 
SPECIFICATIONS SUBJECT TO CHANGE WIT.HOUT NOTICE 
-;-ENGINE 
1.1.0 
Cummins Model NH-6 II; four cycle; 6 cylinder; Single Euclid 3 stage double acting type. 
bore-5~1"; stroke-6"; displacement-743 cu. in.; 
HOIST 
rated 220 horsepower at 2100 rpm; maximum **ELECTRICAL SYSTEM 
torque- 606 lb. ft. at 1600 rpm. 24 volt starting with 12V headlights. 
·, 
CLUTCH 
Lipe-Rollway 151/2 1n. diameter single plate.,. Air 
assist operation. 
TRANSMISSION 
Fuller Model 5Fl 220; 5 speeds forward 1 reverse. 
DRIVE AXLE 
Euclid Model 60 RA heavy duty, foll ·floating with 




Tota I Reduction 
FRONT AXLE 
3 ... 78: 1 
5.2: 1 
l9.66:1 
Free floating, drop forged_ cl"rfcl hea.f lre,g_t~d- "I". 
beam and spindles. 
FRAME 
Rigid, wide flange, fabr.icated beam wiJh torque 
tube stiffeners and integral front .bumper. Body 
·supported by top flange of frame rail and fabri-
cated cross beam. 
SPRINGS 
Free floating, thrust mounted on curved spring 
pads for variable load centers. Front-13 leaves 4" 
w id e x 1/2" th i ck. Re a r - 1 0 I eaves 6" wide x 31.t " 
thick. 
BRAKES 
Two shoe, internal e)(panding type. Front lining 
l 7 1~ x 4 x 112". Rear lining 20 x 6 x 31~", Total lining 
area 786 sq. in. Air actuated, 12 cu. ft. com'.' 
pressor. 
STEERING 
Manual steer with EucJi:d :·hydrtfuJic boosJer. 
CAB 
Full length, offs~t to lehi: ad1u~toble ventilators; 
,. .• 
safety gloss througho·ul and yvith fully odjusta_ble. 
bucket type drivers seat. 
* *Note: Change from .previ.Ous edition 
t Rotin_g a.t S~a le\'el and 60 Fa_hr~n-h:e,:t .. 
BODY 
All welded, sandwich type construction with 1 1 2" 
oak planking between ~" liner and 14" bottom 
plate. Formed box section side, top and bottom 
reinforcements. Chute type construction with rear 
6" wider than front. Alloy steel used for :;."front, 
~" side, and liner plates. 
CAPACITY 
Struck 
Heaped at 3: 1 




l 6'12 Yds. 
TIRES- AND RIMS (Tubeleu) 
Tire Size 
Front: 12.00x25-16 ply 
Rock Rib Tread 
Rim Size 
8.50 
Drive: 14.00x25-20 ply 
Rock Tread 
Tire and Tube optional. 
* *STANDARD EQUIPMENT 
11.2 5 
Ammeter, Air Horn, Service Parts Book, Tachom-
eter, Dimmer Switch, Engine Temperature Indicator, 
Voltage Regulator, Lubricating Oil Gauge, Wind-
shield Wipers, Air Pressure Gauge, Hourmeter, 
Maintenance Manual. 
SERVICE DAT A 




Rear Ax le 
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Exhaust stack to ground 
Cab Guard to ground 





Front axle track 
Drive axle track 
Front axle clearance 





















DISTRIBUTION WITH PAYLOAD 
Front axle 
Drive axle 
PEFORMANCE DAT A 
Engine 
Roted Horsepower ra' 2100 rpm. 
Roted torque (a; 21 00 rpm. 
Coefficient of friction --'-tires: to ·gro.u.nd 
Rolling resistance 
Mechanical efficiency 
Drive Tire Rolling radius! loa·ded .. 
14.00x 25-20 pl_y · 
·f 
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1 l ... 2 
·6·. i{ 
·3. ·6-- (.' 
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t-2 1 - l l '.'' 
lO' -l" 
l:() '-:- 4' /' 
·9· 711' 
8'-2'' 
21'-6 1 ·;'' 
25'-3 1 2· 
9'-4 1 2" 
6 1 • 7'' 
6'-10 1 ' 
l'-2'' 
l'-4" 
1 4' • l 1/2 II 
7'-11" 
8' -5'' 
2 '.- 11" 
68· 
51 ·1 •. 3·11 
S'-6.1/2 1 ' 











Cu.m:rn.i:n.$ M·odel- N H-64iW ,'-2. u 
.... 2 20 
550 lb.ft. 
0.6 
















NH-220 HORSEPOWER, TORQUE & FUEL CONSUMP-T.ION ..... , ........... ,,,. 
TOIQUI, HOISIPOWH, AND CUMW BtlN COMPANY, INC. 
IIUIL CONSUMPTION cunu c .......... , .. _ CIIN 
MODll: NH-HD §NGIHI 
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ENGINI RPM 
Horsepower, torque and fuel consumption curves· show performance corrected to standard conditions of 29.92 inches 
of mercury barometric pressure ( sea level) and 60° Fahrenheit intake air temperature. These curves represent per-
formance of engines with fuel system, water pump, lubricating oil pump and air cleaner. Battery charging generator, 
compressor, fan and optional equipment are not included in these ratings. 
1 
'1 
Curves represent performance when operating on No. 2 diesel or furnace oil. 
with lighter No. 1 or heavier No. 3 fuels by simple recalibration of the fuel pump. 
I Equivalent results can be obtained. : !I 
For operation at altitudes, horsepower and torque should be derated 3% for each 1000 feet altitude and I% for each 
10° Fahrenheit air intake temperature above 60°. 
CUMMINS ENGINE COMPANY, INC., COLUMBUS, INDIANA 
INTERNATIONAL SALES & SERVICE CUMMINS DIESEL INTERNATIONAL LTD., NASSAU, BAHAMAS - CABLE: CUMNAS 
1, J OVERSEAS FACTORY CUMMINS ENGINE COMPANY LTD. - SHOITS, LANARKSHIRE, SCOTLAND 
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MANUFACTURER I S DATA 
24 cu. YD. REAR DUMP TRUCK 
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. .,..... .. , 
,.· ..... ,., ' +,,;; •,; .... -;-, .. , ·,"'•>,, , •. ,. -· 
STANDARD §[P)EC~f~CA l~ONS 
t•-.-····· ·, . .,. '·•. (ffr~•- ..,. ..... •.r,••''·' 
SERIES 02330 
FRAME - Alloy steel frame with integral tubular front bumper and 
boxed cros smembers. Front body support integral with frame. 
Side plate thicknooo ................•........ 3/8 11 
Top and bottom plate thickness .•.....•..••...... 3/4" 
FRONT A){l!2 - KW-Dart FS350 tubular front axle with 14" cast 
spring s;oa~o. 
D i a mot or • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . S3 " 
Wall ~ickn0ss ...•.•••.•.•••••.••••....... 1-3/8" 
Track • . . . . . . . • . . . • . • . • • • . . • . . . . • • . . . . . . . . 113 •• 
DRIVE AULlE -- KW-Dart DS300 heavy duty, full floating with double 
reduction carrier and final planetary reduction in each wheel. 
Ratios a vo i I ab I e: 
Differantial ...••...••....•.. 2.51, 3.05, 3.36, 4.11 to 1 
Planetary •...••..•••....•••............ 5.00 to 1 
Total reduction .....•.••.... 12.57, 15.23, 16.80, 20.59 to 1 
Track • • • • • • • • • • • • • • • • • • • • • • • • , • • • • • • • • • • 96 '' 
ENGrHE -- Cummins NT-335 turbo-charged diesel, 6 cylinder. 
Maximum brake horsepower . ...•......... 335@ 2100 RPM 
Hor ~apowor rat~d . . ..•...... up to 10,000 1 altitude ~ 90 °F. 
Maximum iorquo ........••...... 930 ft.lbs. (i! 1600 RPM 
Bore and Btroke ....•.•.............•... > 1/2" )( 6" 
Displacement ........•............. 855 cubic inches 
Air cleaner ..............•...... (1) "Donaclone'' 16" 
CONVERTER -- Twin Disc CO 10,000 series torque converter. Up 
to five to one torque multiplication. Three- stage type with auto-
matic downhi 11 dynamic braking feature. Unit mounted to engine. 
Clutch ........................... 17" single plate 
TRANSMISSION -- Fuller 4MS1440 transmission. Midship mounted. 
Speeds forward . . • . . . . ... • . • . . . . . . • . . • . . . . . . . . . . . 4 
Speeds reverse . . ....... ·.· ..........•••......... 1 
COOLING SYSTEM -- Heavy duty radiator with flat tube and fin type 
core. Top deoreation tank. Complete assembly mounted on rubber. 
Frontal area ...•....................... 2050 sq. in. 
Shutters . . . . . . . . . . . . . . . . . . . . . . . . . . Ky sor automatic 
BRAKES -- Air operated two shoe internal expanding type. 12 CFM 
air compressor. Emergency relay valve which automatically sets 
rear axle brakes in case of air pre~·sure loss. 
Front . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20- 1 / 4 •• x 5 '' 
Rear . . . • . . • • • . . • • 20 11 9" • • • • • • • X 
Total braking area . ...................... 1335 sq. in. 
Perking brake ..................... 12" x 5" drum type 
SUSPENSION -- Semi-elliptical slip end free floating springs. Each 
axle held in place by two longitudinal radius rods. Rubber bush-
i n g s used i n rad i u s ro d s. 
Front ....... 11 leaves, 5" wide, 3/4" thick, 70" pad centers 
Rear ......... 7 leaves, 6" wide, 1" thick, 48" pad centers 
STEERING -- Hydraulic power steering with complete mechanical 
linkage for safety. Separate independent oil reservoir and hy-
drau I ic pump. 
Booster .................. 3-1/4"diameter, 17 11 stroke 
CAB ·- Three point rubber mounted, off set to I eft. SO" wide with 5 
ad,· us.table ventilators. Safety glass throughout. Comp I ete in-
su at,on. 
Windshield . . • . . . . . . . . . . . . . . . tinted, forward slope 
Driver'o seat. . . . . . . . .bucket type, three-way adjustable 
ELECTRICAL -- 24-volt lighting system. Four sealed beam head-
lights. Stop and tail light. (12-volt lighting system with air 
starter.) 
STARTING -- 24-volt electrical starter. 
HOIST SYSTEM -- Twin, double acting, two-stage hoist cylinders 
mounted inside of frame. Four position hoist valve with internal 
relief valve. Gear type hoist pump. Independent reservoir. 
Cy I i n de r stroke. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4 " 
Pump . . . . . . . . . . . . . ............... Hydreco 3025 
Valve positions ......... power up, hold, float, power down 
. l --~= . . . . . ' - c, -=:__ ---~-;,,- ~ ,. --· ., __ ~ 
- -
-I I •• 
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BODY-- Side beam construction with flared bolsters eliminating 
need for longitudinal si II 1. High alloy 100,000 psi steel used 
for al I wearing surfaces. Low alloy 50,000 psi steel used for 
bol stars and canopy. 
Singlo floor pl@~o .. . . . . . . • • . • . . . . • . . • . . . . . • . . 1/2" 
Sidon & hoa:dor plate ..•.•.•••.....••...•..•.. 1/4" 
Capacity, struck . . . . . . . . . . . . . . . . • . . . . . . . . 21 cu. yd. 
Heapod capacity, 2 to 1 . . . . . . . . . . . . . . . . . . . . 25 cu. yd. 
TIRES -- Tuboloss rock service, nylon construction. 
Fron~ ............•.....•....... 18.00 x 25- 28 ply 
R oa r • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 8. 00 x 2 5 • 2 8 p I y 
SIERVICrE DATA -- U.S. Standard gallons. 
Cooling oystom .•.• • •.•....•.........•.•.... .&O 
E n9 i no • . . • • . . . . . . • . • • . • • . • . . . • • . . • • • • . • • . 9 
Tran~mi9oion .................................. 3 
Hydvru.1 Ii c system, 1 teer in g . • . • • • • • . • • • • • • • • • • . • . 5 
Hydv@uli c ayntem, hoist • . . . . . . . . • . . . . • • • . • • . . . . 66 
D ri v o au I o • . . • . . . . . . • . . . . • . . . . • • . . • • • • • • • . . 1 5 
Fuol ianft ........••.......•......•.•.••... 100 
~IPiNG -- All air and hydraulic piping constructed of flexible wire 
braid hono with reusable end fittings conforming to S.A.E. 100R5 
a::nd 100R2 spocificatio11s. 
STANDARD EQUIPMIEN-'r"'- Hourmeter, tachomotoli', water tempora-
turo gauge, ongina oi I pressure gauge, air protu1uvo gauge and 
low air "Wig-Wag" signal, hand valve for reGl'.:G1'1o brakes, air 
horns, air windshield wiper, rear view mirror. ·3, i 
WEIGH TS -- ::· . [; 
Chassis with hoists •...............•• ,~, .-~ .• 35,000 I bs. 1:: 
Body . . . . . . . . . . . . • . . . . . . • . • . . . . . . . • ~ 12,000 I b s. /·I i 11 Net weight ...•.•...................... ,1,000 lbn. I!, 
Payload ............................. 6',000 lbs. 
Gross weight .•.....•.•....•.•..•.•... 111,000 Iba. 
Distribution: Empty Loaded 
Front axle 23,000 lbs. 35,500 lbs. 
Rear axle 24,000 lbs. 75,500 lbs. 
OPTIONAL EQUIPMENT 
ENGINE -- Cummins VB-350 diesel, 8 cylinder. 
Maximum brake horsepower .............. 350@ 2100 RPM 
Horsepower ratod ...............•... sea level@ 60°F. 
Maximum torque . . . . . . ........ 805 ft.lbs. @ 1700 RPM 
Bore and stroke ........................ 5-1/2" x 5" 
D i sp I a c G man t . . . . . • . . . . . . . • . . . . . . . • 9 50 cu b i c i nc I· , , 
Air c I e an or . . . . . . . . . . . . . . . . . . . . . ( 1 ) ••Don a c I one' ' I 4 
STARTING -- 10BM Ingersoll-Rand air starter. 
TRANSMiSSION - KW-Dart TM-325 heavy duty transmission. Mid-
ship mounted. For use with CO 10,000 torque converter. 
Spa ado forward • • . . . . . • . • . • • • • . • . • . • • . . . . . . . . . 3 
Spead n rover ne • . . . . . • . • . . • • • • • • . . • • • • . . . . . . . . 1 
COM VE RTER-TRANSMISSION -- Alli son CL BT 5660 transmission 
with single stage torque converter. Automoti c I ock-up clutch and 
integral torqmatic brake for downhill braking. Power shift trans-
mission. Unit mounted. 
Speed 6 forward . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Speeds re var se . • . . • • • • . • • • • • . • • . . . • • . . . . . . • 1 
TRANSMISSION -- Fuller 10GT1220 heavy duty transmission. 
Speeds forward ............................... 10 
Spoed s reverse • . ..•••••.•••••••...••...•.. ·• . . 2 




. LI' THO. · 1 N U . S. A. 
Dart Road and North Manchester Trafficway, Box 321, Kansas City 41, Missouri 
THESE SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE . 
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Horsepower and torque curves above show performance obtained when operating on No. 2 diesel or furnace oil. 
Equivalent results can be obtained with lighter No. I fuels or heavier No. ~ fuela by a simple adjustment and recalibra-
tion of the fuel pump. 
These curves represent performance of standard production enginea at aea level to 10,000 ft. altitude and 90° Fahren-
heit intake air temperature. 4 % per 1000 ft. above 10,000 ft. should be deducted from figures shown to determine hors&-
power and -torque available at higher altitudes. 
Horaepower and torquo curves represent gr~ power available with all auxiliary equipment except battery charging 
generator, compresaor, fan and optional equipment. Fuel consumption curve represents the maximum fuel rate when 
engine ia developing maximum power. 
CUMMINS ENGINE COMP NY, INC., COLUMBUS, INDIANA CUMMI 
... .. ~ .. ,, 
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MIi FS PrR Hnt JR 
3-63-233-8 
lf- -..}''~'rv,,y .... n:::i")l}[/' ~ TRUCK co. 
- ~~~ L- .....;.-_ \,,l • • SERIES D-2330 
. CUMMINS NT-335 ENGINE 
335 HP @ 2100 (SEA LEVEL ro 10,000 Fi:.) ALLISON CLBT-5660 TORQUE CONVERTER ALLISON TC-570 TRANSMISSION 
RATIOS - 4.00, 2.68, 2.01, 1.35, 1.00, 
.67 
18.00 25 TIRES LOADED RADIUS 29 .4" I X -NOTE: 2°/o ROLLING RESISTANCE INCLUDED CURVE ALTITIJDE - 10,000 FT. GRADEABILITY RETARDING.! - - -
• 1 AXLE RATIO 16.80 .. ; 
LOADED VEHICLE WEIGHT 111,000 LBS. ' 
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HAULPAK WITH CUMMINS V12-525 ENGINE 
~ -,. INGINI, Dicml ..... ..................................................... Cum,nl!ruo ~~ ~=525 
~ 61··t~ ................................................................ 1a v ..~ 
~ 0 .. • A::, .. ~ . ···" . /I C?"'-,.P--~~~ · <"';~:&~:~.··.! ••••••••••••••••••••• ••••••••••••••••••••••••••••••••••••••·•••••••••• .. L.,J ~U~f9~ 016 # .. u ................................................. .m @ ~uW) EWM 
HP L~l'I . · ~- I ......... -.11 ~ p,,:J~ 111£l~~ . . . . . . . . , ·······¥·· .... •····· ........... • ................ , ..... , ... · -~ l:,U'v'-,i~ ~J ~ (("' 
~~aw i etqfla .• .: ......................................... 1..0 ~. lbs. @ 1 ffl GvM 
lore ..................................................................................................... 51/2" 
Sit. . ....................................... ~ ; ~ .............................. · ............................... .I,' 
Di111lacena1nt .................... ~·: .... .-............................................... 1710 cu. in. 
1UNIMISIION 
Power Shi~ tw,e ............................................ ; ............. Allison aBT -5960 
with Torqmatic lrake 
Torque Com,erta,, lock-up type ...................................... Allison TC-590 
IPilDS in MPH@ 2100 RPM 
Forward, 1st . .. . . .. . . . . . . . .. . . .. . .. . . . . . . . . .. . .. . .. . . . .. . .. . .. .. . .. .. . . .. .. . . . . . . .. .. .. . .. . . . .. . . . '-75 
2tld ........................................... ; .................. .' ..................... 10.02 
3rd I If ff ft I. t•. f ••• J ff ff I If t f I I. et·····~~····.·.·.:, t•.t ~·.•·.•···· fel •:•••I •• I. I ••••••• II I I If Off I IO .13.5 
4th ................................... ; .. ; ................. ! ................................ 20.1 
5th .... " ............. " ............... · ..................................................... '0.0 
4th ......................................................................... : .............. C.2 
lteverse, 1 at ........................................................................................... 5.2411 
SRVICE CAPACnll, U.S. Standard Gallons 
'• ~~ 
Cooling System ...................................................................................... 4'2 
Engine ................................................................................ ,, ................... 22 
Hydraulic System ................................................................................... 37 
Transmission and Torque Converter .................................................... 16 
Final Drivo .............................................................................................. 28 
WIIGHT$ in Pounds 
Chassis with Hc~sts, empty ........................................... , ................ ~,965 
lody, om~~ .......................................................................... -.. ........ 16,865 
Net Woight, No load ................................................................ 63,830 
Pay Load ........................................................................................ 100,0()() 
Gross Weight ................................................................................ 163,830 
WEIGHT DISTRIBUTION: Empty loaded 
Front Ania, tbs. . . .. . . .. . .. .. . .. .. .. .. .. . .. .. .. .. .. .. .. . 30,030 ~,730 
Drive Axle, lbs. ........................................ 33,800 109,100 
......... . ... . ...... . 
HAULPAK WITH CUMMINS TURBOCHARGED 
YT-8-430 ENGINE 
•tGINI, ~•I ............................. Tlll'la1cha,91cl Cummins YT-1-430 
~ of· (ylinders ................ : ............................................................ 8 
~@~ C,cle .......................... .._ ................................................ 4 Stroke 
~@t%:l ~b HP ............... _ ................................... .00 @ 2500 RPM 
HP P&1b:IJ ............. ............................... Sea L.-,el to 5,000 ft. Altitu~o 
Maromum Torque ............................................ 990 ft. lbs. @ 1750 RP~~ 
ko ................................................................................................. · · .51/2'' 
Strolto ..................................................................................................... . 5" 
D,;splacement ........................... ..' ............................................... 950 cu. in. 
TIANSMISSBON 
Power Shift ~ .................. Allison CLBT-5860 with Torqmotic Brake 
Ta,qi~· ~er, lock-up type .................................... .Allison TC-550 
2fld ......................................................................................... 11.9 
3rd ........................... , ............................................................. 16.1 
. 4'dl ••••••••••••••••••••••••••••••.••••••••.••••·••··•·••••~•••-•.••••••·••••••···•••·•••••••········23•8 r 
5th' ............................. •.• !' .......................... ; ... .-· ••• •.• ................... 32.2 
6th ........................................................................................ J.7.6 
..,,.., 1st ......................................................................................... 6.25 
SIIVICI CltJ)AafflS, U.S. Standard GallOM 
Cooling S)fitem' ..................................................................................... 22 
Engine ...................................................................................................... 6.5 
Hydraulic S-,,stem ........................................... H ..................................... 37 
final Olivo ..................................................... : .......................................... 28 
TronffiliS3ioo .............................................................. _ ... :: .... :_. '..: ................... 16 
WEIGHTS in Pounds 
Cha53is ~rh Hoists, empty .................................. ; ......... , .............. ~,820 
Body, em~t)f ........................................................ :.·.; ........................ 16,865 
Net N3~e~t No Load ................................... ; ................................ 61,685 
Pay L~ ......................................................................................... 100,000 
Grou Weight ................................................................................ 161,685 
WEIGHT DISTRIBUTION: Empty loaded 
Front Axle, lbs. .... . ....... ..... ... ... ..... ..... ... . . . .. . 29,085 53,885 
Drive Axle, lbs. .. . . .. . . .. . .. .. .. . . . . . . . . . .. .. .. . 32,600 107,800 
HAULPAK WOirlH GM 12V-71 ENGINE 
INGINI, Diesel ........................................................................ GM 12\/.a71 
Number of Cylinders ................... ;-............................................ 12 V-type 
Operating Cycle ···························:··············································2 Stroke 
Maximum Brake HP .......................................... .. 475 HP @ 2100 RPM 
HP Rated ...................................................................... Sea Level @ 60° F 
Maximum Torque .......................................... 1300 ft. lbs. @ 1400 RPM 
lo,t .................................................. " ...... " ......................................... ·"''• ,, 
Stroke ................................... , .................................................................. 51' 
Displacement .......................... , ............................................... 851.2 cu. in. 
TIANSMISSION 
. 
Power Shift type .................. Allison CLBT-5960 with Torqmatic Brake 
Torque Converter, lock-up type ..................................... Allison TC-590 
SPEEDS in MPH@ 2100 RPM 
Forward, 1st ........................................................................................ 6.75 
2nd .............................................. , ...................................... 10.02 
3rd ........................................................................................ 13.5 
4th ....................................................................................... 20.1 
5th ........................................... ,..· .... ·.· ....... :.·:·., .............................. 27.0 
6th ............. ··: ...... . ·. •.• ·: .... •.•• ... ·.··· .. , ... '. •.·.· .............. ···., ..................... 40.2 
Reverse, 1st .................... .- .. '. ......... · ................. ,.,. :.·:··· .. ·· .......................... 5.24 
-
SERVICE CAPACITIES, U.S. Sltlndard Gallons 
Cooling SY5tem ..................................................................................... 42 
Engino ...................................................................................................... 9 
Hydraulic System . .. .. . . . .. . .. . .. . .. .. . .. . . . . .. . .. . . .. . .. .. .. . .. . .. . . .. . . .. .. .. . . . . .. . .. . .... 37 
Fino I Drive .............................................................................................. 28 
Trontmission ......................... , ................... , ......... , ..... , .. , ... . ................ 16 
WEIGHTS in Pounds 
Chassis with Hoists, empty .......................... , . .. . .. . . .. .. . . . . . . . . . . . .. . . . .. .. . 45,025 
Body, empty .......................................... , .. :., ............... , .......................... 16,865 
--~ Net Weight No Load ....................................... ,.... . ............... 61,890 
Pay Load ....................................................................................... 100,000 
Gross Weight ................... ............. = ....... _......... .... .. ........ 161,890 
WEIGHT DISTRIBUTION: 
··-·.. ·--· Empty 
Front Axle, lbs. .............................. "~ .. -· 29,140 
Drive Axle, lbs ................. , ................ 1..... 32,750 
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POUNDS PERFORMANCE CHART 
50,000 _,,,,:,;;:~:>,.:(d--_1· -+-+-++-+-+-+-+-+--t--t--t-t-±:±:::t:::t::t::t±++++++-+++-+++-+--+--+--+--+-+-1--1--+--+-+-l--+4-+-l--l---l---L--L--l..J .;:-:-:·::·:··: ~ 
:-: .. ;-:-:·'.~ '.•:;,\ 
;':t,:;.•g ~::: ... 
-~:-:-: :,.,:::n 
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i@f it tlii 20,000 - ....... -+--+--+--+-~~r#i!ill+--+--+--+---+--l---,l--+-+--+--+--4--4---+--1---+--1---1--.1 tit !l~t~r \ ~\Hf 19'000 -4--1----1-+-++tifld=~;11I1~tf1~l~lf~::,~+-+-J.--1-+--+-+-+-+-+-+--l-+-J.--J1--4--J._J 
18'000 _..._4--4----1--....--;i;ilt,~:11::'41::1::~::1 :!~:III : 1:1--1:,. -t--+--+-+---+--+--+--+--+----11--+--+--4--+--+---+-~__. 
17,000 -+-+--~+--+---'-~~l:!:1,~/)[:]\W.j];;;if\i~i\Mi\;ij=l--\:.+--4---4--l--4--+-+--l--+----'-+--i--+-+-l-4---4---l 
::: ==:=:::::~:~:~-=~\::,;;:ill~, !~l~i(;!lxlil;i'.'jrs~i~iH-t"-•:ii-+::n>-,,,._.-+--+--+--+---+---+---+-~__..~~__..__...---1-.j........,l 
141000 ( ~+-1----l-+-+-+4!\! ,~· 1:1:1:1:;;;;J;::1i:i::~::1:::::1~::::::: ~1::1:~N.-\ 4 :·~~_f;,,~~~~~t==~ :::::;::11 ll\ 1!\r:Ilili :1::::11111:i v_,,_ -+--+---+--4--1~1--,1--.............. -&--+--+--l---4~ 
'\Iiillll \il!ll\lii!!lji !!IJ, t~ 
11,000 -+-+--t--+--+--+--t-+f--f--~ 
. : lil!l!l!llll::'.]!i:J 
10,000 -+-+--+--+--+--+--+-+1---:f---i,--
I 
\ I'< ::~ 9,000 -+-+-4-+--+--+--4--44---+---1-- r-+--irl, ~-, H{F!Ufif~ [.~~-+--+--1--1--1----4--~ 
'il!i~~-+-----1---+---+--+--t--t--1"-1 --8,000 --+--+--t--+-t--it--+-++--+---+-
ENGINE: Cummins V-12-525, 525 HP . 
TRANSMISSION: Allison CLBT-5960 
FINAL DRIVE RATIO: 18.28:1 
TIRE SIZE: 21.00-35, 28 P.R. 
EMPTY VEHICLE WEIGHT: 63,830 Lbs. 
How To Use This Chart: 
1. Enter chart at gross vehicle weight, in tons. The gross 
weight is empty weight plus whatever payload is carried. 
2. Determine total resistance, grade in percent plus road 
rolling resistance in percent. Road rolling resistance 
given in pounds per ton is divided by 20 to obtain 
percent. 
3. Connect point on weight scale with point on resistance 
scale, and project straight line to rimpull scale. Read 
required rimpull . 
4. Read horizontally from required rimpull to right of 
shaded area on curve. Result is vehide speed for given 
weight and grade. 
Example: 
1. Empty weight 63,830 lbs. or 31.9 tons. 
. Payload 50 tons. 
Enter weight scale at total, 81.9 tons. 
2. Grade is 6 °/o adverse to haul. 
Road rolling resistance is 40 lbs. per ton. 
'. ,,. 40 lbs./ton divided by 20= 2 percent. r 
6 °/0 + 2 °/o 8 °lo. Enter resistance scale 
at 8 °/o . 
3. Connect 81. 9 tons and 8 °/o with straightedge. 
Read required rimpull of 13,100 lbs. 
4. Read horizontally to curve I 2nd gear lockup 




1:i:::::1:r :,:§!:::::, L--+,---+----,1----t--1 
--- Solid Line-Lockup Range. - - - - - - Broken Line Converter Range. 
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6;000 
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SPEED, MPH 
I I I I 150 - 3.000 
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HAULPAK REAR DUMP SPECIFICATIONS 
Specilication, are ,u&ject fo change without notice or obligation. 
HAULPAK 
ENGINE, Diesel ..................................... . Cummins VT-12-635 
Number of Cylinders . .... . . .. .... 12 V-type 
Operating Cycl~ . 
..... 4 Stroke 
Max/mum Brake Horsepower 600 @ 2100 RPM 
HP Rated .................. up to 10,000' altitude @ 60° F. 
Maximum Torque 1620 ft. l_bs. @ 1500 RPM 




Number of Cylinders 
Operating Cycle 














·sso@ 2100 RPM 
S~a Level. @ 60.0 F. 
l6l0 ft. lbs: .• @ 13'00 RPM 
.411· 11 l4 
~II 
1136 cubic. inches 
Power Shift Type .A·.llfsor:,· .CLBT.;6060, 6 speed, 
-with Torqmatic Brake 
Torque Converter, lock-up type Allison TC-580 
FINAL DRIVE ASSEMBLY 
Differential Power transfer, automatic fr'iction type -no 
slip differential. Automatically _puts· po.wer on 
wheel with traction. When one wheel tends to 
spin differential transfers- up to 4 times its troc-
tive effort to wh~et on firmer footing .. 
fjn·qJ: D.ri·ve S_ing.le reducfro·n lyp:e 
:·Ra.figs.: :Pifferential 
I 
'j final Drive: 
'Total re_q~dio.n 
SPEEDS in MPH @ 2100_: .RPM· Maxirti)J~: 






Reverse, l st 





l l .2 





SERVICE CAPACITIES, U.S. Standard Gallons 
Cooling System ........................................ --·-·· ............ . .... 42 
. .... ..18 
.. 37 
28 
: .. 16 
Engl·ne - --.· ·-·-·····-. .. .. .. . . . . .................... . 
. Hydraulic System ............................................ . 
Final Drive __ .................. , .......... , . 
Transmission and Torque Cooverte.r 
COOLING SYSTEM .. _ . .. . . . Continuous finned, flat tube type 
radiator, with 2520 square inches of front area. 
441/ 2" diameter fan with 6 blades. Fan auto-
matically controlled by thermostatically con-
trolled idler pulley on fan belt. Fan shroud is 
Hartzell type. Radiator is rubber mounted. De-
aeration type top tank. 
FUEL TANK ............. ................. . 
. 220 gallon tank 
AIR COMPRESSOR Bendix--Westinghouse Model TU-FLO 
500. Capacity 12 cfm 
AIR CLEANER Dual Dry Type 
FRAME AND FRONT ASSEMBLY . . Special alloy steel 
modified box section frame with integral 
front bumper and cross member. 
Side plate thickness 




Capacify 2.6 cubic feet 
.Rear :·axle: mounting Ball and socket: joint at front 
and two Hydroir suspension units at rear 
Rear axle alignment Cam roller on back o'f differentiaf 
section rides vertically in a frani~ ·mounted track 
SUSPENSION, L W Hydrair Valiabfe fate· a:ir-:hydraulic 
suspen~i.9n ·w.ith ·integral rebovnd control 
Length of stroke, front 14116 " 
Length of stro'ke:, rear 
BRAKES 
Type 




Turning degree:, eqch _direction 
Turning circle on front wheel :troCk 
Emergency ppwer s,teering, stoi,dord. 
9-'-" 
.. I 6 
Shoe 
1700 
26" ·x 8" 
26:" x l O" 










PARKING dRAKE _ Bendix, lever operated, internal ex-
. ' ... ~-. ~') ' 
-- ,pqn9i_ng_ ty~e-- .L.oca~.zd ... Q~ •. ,.-df~-Ve- shaft,__ 1211 
diameter by 5" width, 1471/ 2 sq. in. of braking 
surface. Safety type, automatic engagement 
when air is off. 
CAB _ _ ... _.. Rubber mounted, fully enclosed, offset to left, 52" 
wide with adjustable ventilators. 
Windshield . ______ ....... _ ................ ___ ..... _ ...... Safety, tinted, 15° rilt 
Seat, Drivers ......................................... __ ... __ . . . Fully adiustable 
Heating and defrosting _. ... All-weather fresh air heater and 
full windshield defroster 
ELECTRICAL SYSTEM 
Batteries, Air Starter ....... __ ....... One 12-volt, 13 plates per cell, 
90 ampere-hour capacity 
Generator ___ ...... ______ ... _ ...... ___ . __ ... __ . ___ .. 12-volt, 50 amp output 
Lighting system .. . .. .. . . . . . .. . . .. ... __ ._ . . . . . . . . . . . . . . . . .. . . . . .12-volf 
STARTING SYSTEM 
Air 




Construction 3//' one piece bottom plate of high strength 
100,000 PSI yield steel. Rubber mounted · .o·n 
frame. Heavy Bolster and sill construction. 3/ 8" 
side and front body plate 100,000 PSI yield steel. 
Exhaust Heating Standard 
HOIST Hydraulic, Twin Cylinders_, 3-stage douole acting, 
telescopic type mounted ·on outs.ide of frame for 
accessibility. Ball and socket connection with 
sealed for life bearing for flexibility. 
:Hqj_~_t. p.µmp .. 71 GPM,. 1900 PSI at rated load. 
:Rel i"ef pressure set at 2500 PSI. 
CAPACITY 
Cubic yards, Strue;k 
Tons, Rated 





















...-,........ •• • ........ ~ • "" ,. .................. ,, ...... -.. ,.'I 
'. ····~ 
GENERAL DIMENSIONS 
Length, Overall .. __ .... . . . . . .. . . . .. . . .. . . . . . ... ,.. . . 
---.; 
Length, Chassis ___ ---·-··--- ....... .. ,·:·.:,: .. ~.-- -~-,:,_~ .... _, .. _._ .. ,. 
Width, Overall ......................... , .. , ............ , .. . 
_ ... 30' O" 
_ .... 25' 8" 
141 7" 
Height, Loading ... _ ............... _ ... _ .................... ·:··. _ .......... 11' 11" 
Height, Dumping ........................................ ~:.,_ .. , ............. 27' 9" 
Wheelbase ________ ......... ------------··········-····-··-·····-···-.·--· ....... 13' 4" 
Cab Guard to Ground .................. ·--.-----.-,·-··· .. ~.---,--······· .. 13' 1 '' 
Front Track, center line ...................... ·-"····'···············: ....... 11' 6" 
Drive Track, center line _______ . , .... ,.. ........ _., .. ,., ............. _._ ..... .1.0' 2" 
} 
- 30'' Front Clearance, loaded ........ _____ ....... '··--······.:·····'·,--····:·_,; ______ _ 
Drive Clearance, loaded ----·-····--· .-···················-··········'···-·-18.1/ 2" 
TIRES AND WHEELS 
Front and Drive Tires ................... ,. Six 21.00-35, 36 ply rating, 
Rock Service, Tubeless 
Rim size · _· ______________ . _______ . _______ . · ..-.- __ .. __ . ___ .. _ .... _ _. __ . _. __ . ____ .. 15.00-35 
TIRE SPACING -
Inside Front 




. . . - ... . -: ..... · .-. "; ,., :- ·- . . ' - ... '·• - -· . . .. - - : . ~-: - -
: .- -· ~· .- .. -- ... :· -· - - . ·- -·- ., .. . - ·-... - -. . ' . 
' .. :, - .. · _· - . '•· :. : . _..: .. ·. ·._ ·: -·: :, .... ::-
WEIGHT in pounds 
Chassis with Hoists .-
Body, empty ____ ...... _. .. .,..,.. , ·"'···.··-··-··'··- .. 
Net Weight No Load , ., 
Pay Load 
Gross Weight _ _ _ _ ·- _ .. _ _ _ _ _ 
WEIGHT DISTRIBUTION 
Front Axle, lbs ... _ . 
... , . •.•· .... 
Drive Axle, lbs. . .. __ .. _. __ . 
STANDARD EQUIPMENT 





. -Si 8" 
13' 811 










Ammeter, twin air horns, air pressure gauge, engine qil pressure 
gauge, engine temperature gauge, hour meter, speedometer, 
starter switch, tachometer, torque converter oil temperature · 
gauge, tinted glass in windshield, passenger seat, transmission 
pressure gauge, head and tail lights, and back-up light. 
OPTIONAL EQUIPMENT AND ACCESSORIES 
Canopy extension and deflector kit, radiator shutters, ,rock ejec-
tors, back-up horn, mirrors. ,i, 
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PERFORMANCE CHART !" \ 
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ENGINE: GM 16-V-71, 580 HP. 
TRANSMISSION: Allison CLBT-6060 
FINAL DRIVE RATIO: 16.52:1 
TIRE SIZE: 21.00-35 
EMPTY VEHICLE WEIGHT: 76,000 lbs. 
This chart also applies to the Model 65 with coal body. 
How To Use This Chart: 
1. Enter chart at gross vehicle weight, in tons. The gross 
weight is empty weight plus whatever payload is carried. 
2. Determine total resistance, grade in percent plus road . 
rolling resistance in percent. Road rolling resistance 
given in pounds per ton is divided by 20 to obtain 
percent. 
3. Connect point on weight scale with point on resistance 
scale, and project straight line to rimpull scale. Read 
required rimpull. 
4. Read h9rizontally from required rimpull to right of 
shaded area on curve. Result is vehicle speed for given 
weight and grade. 
Example: 
1. Empty weight 76,000 lbs. or 38 tons. 
Payload 65 tons. 
Enter weight scale at total, 103 tons. 
2. Grade is 4 °/o adverse to haul. 
Road rolling resistance is 20 lbs. per ton. 
20 lbs./ton divided by 20= 1 percent. 
4 °lo + 1 °lo 5 °/o • Enter resistance scale 
at 5 °/o • 
3. Connect 103 tons and 5 °lo 
Read required rimpull of 10,300 
with straightedge. 
lbs. 
4. Read horizontally to curve ( 3rd gear 





--- Solid Line-Lockup Range. - - - - - - Broken Line Converter Range. 
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Dean, Burton v., Progress in Operations Research.- Vol. 1 
Publication In Operation Research No. 5 - Edited 
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.Hercules Cement Company-. Report to Employees. Page 8., 
Hercules Cement Company Controller, Philadelphia, 
Pa. , 1959• 
K.w. Dart Truck co. Report on Truck Facts. A report pre-
pared by the K.w. Dart Engineering Department, 
Kansas Gity, Missouri, 1960. 
Other Sources 
Hercules Cement Company Quarry Operating Records. 
Cummins Engine Company, Inc., Columbus, Indiana., Curnmins 
Diesels. Construction, Mining & Industrial Appll~ 
cations., Bulletin No. 950353. 
Equipment Specifications 
Euclid Truck Gompaey. Euclid 15 Ton Rear Dump Truck -
Series R -15, lModel 94FD), February 1959. 
K.w. Dart Truck Company. Series D - 23.30 - Kansas City, Mo. 
Le Tourneau-West1nghouse co., Haulpak Rear Dump Truck, Model 
50, Peoria, Illinois 
Le Tourneau-Westinghouse Co., Haulpak Rear Dump Truck, Model 
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Place of birth: 
Date of birth: 
Name of Father: 
Name of Mother: 
Education: 
·,,,_ 
Frank Steve Kal1s1k 
Rossford, Ohio 




Macomber Vocational High School 
Toledo, Ohio 1944-1946 
u. s. Army 1946-1948 
University of Toledo 1949-1953 
Toledo, Ohio 
Bachelor of Science 
in Electrical Engineering 
Goodyear Atomic Corp. 
Portsmouth, Ohio 
Electrical Engineer 1953-195~ 
:Hercules cement company 
Stockertown, Pa. 
Plant Superintendent 1959-Pres. 
Ohio State Professional Engineer 
#23315 
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